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•' 20. Abstract (Continued)

combination with the 42-ft main chute) are described, both for tests employing
a dummy balloon and for later tests in which a real balloon was used. Attempts
at partial balloon inflation at the NPTR are discussed. The unsolved parachute
coning problem is also described, along with tests aimed at its solution. 

i]

Planning and preflight preparations for the January 1976 balloon drop test over
the White Sands Missile Range are covered in considerable detail. The abor-
tive launch of that night is related and an analysis of the reasons for the flight
failure is presented. Five (5) appendicew are included with supporting calcula-
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Preface

The test program described in this report is long and complex. When one be-
comn.. intimately involved in such an effort for a long period of time, an did the

Thrughut hereport every attempt has been made to give credit to others for
ther hlpThenumber of people and organizations who rendered assistance to the

ALBSproramwasso reat hoeve, tat speialackowldgmntssection is
in order.

First, the solid and continuous encouragement of the author's parent organiza-
tin FL nakolegdwt rttd and appre(Aatio:. From Col. B.:S

Moran Jr, ommndron dwteewas a steady and timely flow of re-
sourestechica assstaceand logistical support actions, all of which were

V. Istrmenatio Diisin, ad M. JmesPayne, Chief of the Balloon Research
Branh wre artculaly elpul.Mr.Arthur Giannetti and Sergeants Gary

Blanchard a~nd George Clement of the Balloon Instrumentation Branch, provided
assistance in many ways In addition to furnishing the sophisticated UHF' TM/Control
Pack. Mr. Thomas Danaher and the members of his Balloon Requirements Branch
were understanding and generous in the matter of balloon flight scheduling (includ-
ing much rescheduling) and the allocation of needed r~sources. Mr. James F.
Murphy and Mr. Don Maltacea of the operational Services Branch made substantial
contributions in the key area of aircraft flight support, and rescued the program
on more than one occasion when It threatened to become bogged down. Detachment 1,
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AFGL, at Holloman AFB, played a major test role, as described in Section 5 of

this report. The author is deeply grateful for the help and dedicated support of

Major Joseph Koehly, Detachment Commander, Captain Michael Wilson, opera-

tions Officeri and the many Det 1 noncommissioned officers, civilian and enlisted

personnel who participated in the extensive preparations for and the conduct of the

Holloman AFB/WSMR Balloon Drop Test. Mr. Willis Parsons of the WSMR was

of immense help during the arrangements for Range support and his assistance,

also, is acknowledged gratefully.
The Parachute Test Program deicribed in Section 4 could not have been

accomplished without the active and willing support of the Air Force Flight Test

"Center. The author cannot truly express his gratitude to the personnel of theII
a5llth Test Squadron of the AFFTC, where the test vehicle design, p"iparation

and test planning activities were carried out. Squadron support of the program
was total and enthusiastic. The contributions of Mr. Clifford Marshall, Chief

Aerial Delivery Section, and of his engineers, Mr. Michael Wuest, Lt. Warren

Massey, Mr. Robert Morrison, wore outstanding, both at the National Parachute
Test Range and in connection with the Holloman AFB/WSMR Balloon Drop, The

efforts of the 6514th Test Squadron (AFFTC) at Hill AFB are also acknowledged

with gratitude here. The ALBS test program at the NPTR necessitated many long
missions for the flight crews of that Squadron. In addition, the author was deeply
impressed by, and is very gratrul for the support furnished by the Navy and Bell
Aerospace personnel at the NPTR, The pilots and photographer's mates who made

possible the spectacular air-to-air motion picture coverage of the test flights did

a superb job. The Range TM and photograph coverage was also excellent and inval-
uable for interpreting test events.

A central element in plans for the test program wes the availability of a suit-

able flight-weight cryogenic unit, The role played by the Cryogenics Division of
the National Bureau of Standards in Boulder, Colorado in this matter was magnifi-
cent. It is really difficult to express adequately the appreciation felt by the author

towards Mr. Charles Sindt or the NBS for his contributions to the program. The
wholeheated support of the entire Cryogenics Division is an important consideration

here and is noted with profound thaks.
A special note of thanks is due to Miss Margo Cross of the Aerospace Instru-

mentation Division for her valiant struggle to produce a legible manuscript from

the author's rough notes, and to Mr. Ed Brennan of the Mechanical Engineering
Branch for him assistance in the preparation of Figures 15, 21, and 22.
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iaio Flight Tests of the Air-Launched
Balloon System (ALBS) Prototype Model

1. INTRODUCTION

This is the fourth and final technical report on work performed under AFOL
In-lHouse Work Unit (IHWU) 66651101 "Air-Launched Balloon Techniques.."*

In the first report, there was a generalized discussion of methods for inflating
free balloons in midair following their deployment from a cargo aircraft or from a

high altitude rocket. I That report concluded that systems employing such methods
are capable of being developed and of satisfying several important military needs.

The second report2 surveyed various kinds of Lighter-than-Air (LTA) vehiclej
which might serve as high altitude communications relay platforms, discussing

operational advantages and disadvantages, and highlighting certain technical con-
siderations. It also reported progress on the Air Launched Balloon System (ALBS)

development program, well under way by then, which promised to yield a useful

LTA communications relay platform.

(Received for publication 22 March 1975)
*11WU 6fl66+51101 was officially terminated on 30 September 1977. Work performed

on the ALBS program subsequent to that date was under successor IHWU 76591101,
name title.

I. Carton, A.S., Jr. (1973) iAn IBM Ion of Terhniques frt Ltncblnl e
Balloon Systems From A or R ocets n li, AFCRL-TR-73 06333

2. Carton, A. S,, Jr. (1974) Anlnvostisatn t the Apelie bilit-V of Hih ltitude
*Liter-Than-Air TA)Veles to thTactical Communications Relax
Problem, AFRL-T R-74-.039'.



The third report explored theoretically the dynamics of the ALB3S midair
deployment sequence, and outlined the proof-of-concept flight tests proposed both

to verify those dynamics and to determine system feasibility.

This fourth report covers the flight te~ts actually carried out on the ALBS
prototype system, istarting wlhh tests on system mock-ups to qualify the parachute
subsystem and ending with the balloon drop test of the complete prototype model.

2. BACKGROUND

2.1 Basie Requirement

The Air-Launched Balloon System (ALES) under development at AFGL is aimed
principally at the requirement for a quick-reaction capability to put a lighter-than-

air, tactical comniunications relay platform into position at high altitudes. Such a
requirement it called out in TAC ROC 305-75 entitled, "A Satellite Airborne
Communications Relay Syatem for Tactical Air Forces,"

For the purposes of the test program reported on here, it was envisioned that
the packaged ALBS would be extracted from a C-130 aircraft at 25, 000 ft (1. 62 km).
When the system was properly deployed in midair by a tandem parachute array,
the stored ALBS balloon would be extended vertically and filled from an attached

: jlhelium storage unit. The inflated balloon would then carry the communications

relay (approximately 200 lb (890N)) to its assigned altitude (:: 70, 000 ft (21,34 km))
while the inflation hardware floated to the ground (s3ee Figure 1).

2•2 Previour Development History

In the ,'eport entitled "An Investigation of Techniques for Launching Large
Balloon Systems for Aircraft or Rockets in Flight," AVCRL-TR-73-0633. it was
proposed that a cryogenic gas storage and heat transfer subsystem be used in the
ALBS to overcome the severe weight penalties associated with conventional com-
pressed gas storage cylinderm. Following the publication of that report, the Cryo-
genics Division of the National Bureau of Standards MNPS, Boulder, Colorado,
carried out experimental research in support of the A LBS progrnrn, an effort which
led to the design and fabrication of a heavy ground-based prutotype cryogenic stor-
age and heat transfer unit. This prototype used a hot packed-bed aluminum oxide
(Ai 2o 3 ) heat exchenger to gasify a predetermined quantity of liquid helium and to

3. Carton, A. S., Jr. (1976) The Flight Test Aspects of the Air-Launched Balloon
Slstern Development Pro6"gam, AFGL-TR -76-011}6.

4. Sindt, C. F., and Parrish. W. R. (1979) A System for Inflating a Balloon Using
Helium Stored in the Liquid Phase, A14VR 'W O-001J NBsIi 7U-834,

10
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Figure 1. At jV, Ar I r-Iaunched Balloon System (A LB S) Drop

warm the gas to a suitable temperature (2610 K, average) for rilling a balloon, It
was successfully demions trated In July 1975 at Boulder, when a tied-down balloon
was filled with approximately 10, 000 ft' (28:1 in )of 11a,,eous helium in less than

7 min. In November of tile .iame year it was used or. the ground at Ilolloman AFB,
New Mexico, to inflate ii 145, 000 ft1 (4106 rn1 ) balloon which, upon being released,
carried a payload or 300 lb (1334. 4N) to 75, 000 ft (22. 86 kni). This was the first

known flight of a large balloon inflated directly from a cryogenic source.
With the basic development tests of the cryogenic unit successfully accom-

plished, the way was opened for flight tests or the complete system, that is, the
dropping of the A LIS ' module" or "package" from a dutitable vehicle at the envis -
ioned operational altitude, 25, 000 ft (7620 in) followed by midair inflation of the
system's balloon, -Such a test had to be conducted to demonstrate system feasibil-
ity, but it wa3 clear from the start that it would be an ambitious undertaking. A

special balloon had to be designed and procured, a flight-weight version of the

11
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demonstration cryogenic gas storage and heat transfer subsystem had to be con-

structed and the complicated parachute subsystem had to be tested and qualified.

Despite the known problems, plans were initiated in December 1975 for the flight

test program. 3

Early in the test planning process it was decided that the initial drop vehicle

for the demonstration ALES module would be a scientific balloon, even though the

ALBS was intended for eventual deployment from an aircraft. This decision was

prompted by several considerations, 3 but the overriding factor was the design

chosen for the prototype flight-weight cryogenic unit, That design, which had been
dictated by project funding and time constraints, was adequate for a balloon drop
but did not meet the standards required of equipment carried aboard Air Force

aircraft. Thus, the planned tests had to be viewed as proof-of-concept testing,
with the understanding that additional drops from a C-130 transport would be con-

ducted at a later date, using a third aircraft-qualified version of the system.

With the basic thrust of the test program thus established, construction of the
flight-weight (balloon-qualified) version of the cryogenic unit was begun in the
spring of 1076 by the NBS. (See Figure 2 for a view of the completed unit, less
superstructure. ) The special balloon design needed for midair inflation was worked

out at AFOL and an order was placed for three balloons incorporating this design.
The parachute subsystem then became the item of major concern. Its importance

lay in the key role it was to play both in the aerial deployment of system compo-
nents, and in the extraction of the folded balloon from its container,

Many computations had been carried out by the author to arrive at a preferred
parachute subsystem which codld employ available standard parachutes. Although

these computations were based, for the most part, on standard parachute

formulas, there were saine assumptions involved which required verification by
actual test. It was imperative that the selected design be proven, using dummy

units, prior to risking the expensive cryogenic unit in the balloon drop test. With
this consideration in mind, negotiations were undertaken in the summer of 1976
with the Air Force Flight 'rest Center (AFFTC) for ALBS parachute subsystem test

,upport. They resulted in the establishment of a flight test program at the National

Parachute Test Hange (NPTR), El Centro, CA under the auspices of the 6511th Test

Squadron, with aircraft support from the 6514th Test Squadron at Hill AFB, Utah,

12



Figure 2. A LES Cryogenic Inflation Unit, Less Superstructure
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Preparations for the parachute test program were begun at El Centro in the
fall of 1976, but actual test flights did not get underway until February 1977, * They
continued through October 1977 and were followed by the balloon drop teot at
Holloman AFB in January 1978, The results of these flight tests constitute the
bulk of this report,

2.8 Alrcaft Test Impact

During the time period covered by the flight tests, a gradual shift in emphasis
occurred in the ALUS development program. At the start, the stress was on the
balloon drop teat aspects, while the aircraft-oriented parachute subsystem tests
were perceived as having an important but secondary impact on overall system
plans. Then, as the tests proceeded at the NPTR, a role reversal took place. The
experience gained from aerial deployments of the dummy system from C-130 air-
craft pointed up several inadequacies in the original system design, These ranged
from poorly chosen components and unsuitable interfaces between subsystems to

the omission of needed hardware items. An a result, the configuration of the pro-
totype to be dropped from a balloon was refined and improved considerably over

that described in the third report. 3 (That report, incidentally, had predicted this
improvement process.)

The aircraft drops at the NPTR also introduced a major ohange in the approach
initially adopted for the ALBS flight test program. Originally, only a dummy ALBS
balloon was to be extracted (extended for midair inflation) at the NPTH. Real
balloon extractions were to occur later, in preliminary balloon drops at Holloman

APB. (Those drops, which would not include the cryogenic unit, were to be dress
rehearsals for the crucial "live' drop, also at Holloman, in which the cryogenic
unit was to be deployed for the first time. ) As things turned out, It proved both

feasible and highly advantageous to prolong the NPTH tests to include real ALBS
balloon extractions and even to attempt partial balloon inflations. Consequently,
the scheduled preliminary balloon drops at Holloman AFB were cancelled, and the

remaining live drop was rescheduled for a later date.

Te'; data obtained from the flights involving real balloon extractions at the

NPTa1 were most helpful in eliminating uncertainties associated with the balloon

0 The 6511th Test Squadron had begun construction of a test vehicle in which the
simulated payload would be placed at the apex of the main canopy, along with the
packed balloon, Then, in December 1976, the decision was made at APOL to put
the payload at the base of the main chute, thus causing a delay for redeusign and
reconstruction of the test vehicle, (See the addendum to the third reporta for the
rationale behind the decision. ) Although this decision solved a pressing technical
problem, it necessitated the carrying of the collapsed main chute to altitude after
balloon Inflation. This, in turn, reduced available payload weight significantly.
(See paragraph 5. 4.)

14
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drop which was to take place at Holloman AFB. The aerial delivery program at
the NPTR had a further beneficial effect: It provided the author and those support-
Ing him a large amount of "hands-on" experience with ALBS aerial deployment

hardware and techniques under semioperational conditions. With this experience,

it became possible to plan with confidence for the construction and test of the

follow-on, aircraft -qualified cryogenic unit,

S. ALBS PROTOTYPE TEST CONFIGURATION

8.1 Initial Version

At the start of the flight test program, the envisioned ALBS prototype config-
u'ration was as described in the third report and its addendum, it consisted oft

(a) A flight-weight cryogenic unit (Figure 2)
Mb) A special 158, 000-ft3 (4475-mr3 ) balloon (Figure 3) and its associated

container

(c) A lightweight 32-ft (9. 8 m) ring slot upper or "drogue" parachute
Md) A 42-ft (12. 8 m) ring sail lower or "main" parachute
(e) A 200-ft (81 m) extension line

Cf) A simulated electronics payload, and various items of command and

control equipment.

(Note: Details of the interface between the parachute subsystem and the
cryogenic unit had not adequately been worked out in the third report.)

8.2 Parachute Subsystem Test Configuration

3.2. 1 GENERAL CONSIDERATIONS

A series of about 11 flight tests at the NPTR had been agreed upon between
AFOL and the A1•FTC. The objective was to show that the configuration described
above was feasible; that is, that the chosen parachute system was capable of being

launched from a C-130 aircraft and, once launched, was capable of deploying the
balloon in midair for inflation, The te.sts were to be conducted initially at 10, 000 ft
to allow for crew familiarization with the system, Tests at 28, 000 ft would follow

this initial phase.
The first problem racing the 6511th Test Squadron, in conducting tests of the

ALBS parachute subsystem, was to design an aircraft-droppable test vehicle which
adequately simulated the above configuration including those parts which were not

actually to be used at the NPTR. (The cryogenic unit, the electronic payload and
the ALBS balloon were the most readily identifiable components In this category.)

The simulation was to be as realistic as possible with regard to weight, volume,

15
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length and any other characteristics essential to parachute system performance.

Moreover, the test vehicle had to store the packed main chute and simulated

balloon internally until they were to be deployed. At the proper staging operation,

it had to permit rapld and positive extraction of theme components,

The resulting test vehicle was a cubical wooden box open at the top. Four ft

(1, 22 m) to a side and framed in heavy angle iron, it weighed approximately (65 lb

(1958N) empty, A heavy lead plate weighing 365 lb (1024N) was added to bring it
up to full system weight. (See Figures 4 and 5 and also footnote * on page 94

with regard to use of Newtons (N) to note weight in the metric system,)
Notet The 0511th Test Squadron has prepared a technical report5 on the teat

vehicle and the ALBS subsystem tests, This report will defer to the 61511th T. S.

report with respect to details of box construction and rigging, and will present only

that information essential to the purposes of this report,

3.2.2 LOAD EXTRACTION AND DEPLOYMENT STAGES

The launch of the 05l1th Test Squadronts AL3S test vehicle from a C-130 air-
craft and the subsequent deployment of the system components was planned as a

3-stage operation (see Figure 6). The first stage was to be the load extraction
-i (that in, the pulling of the teat vehicle from the aircraft horizontally) and the tran-

sition to a vertical attitude, The second stage was to be the deployment of the 42-ft
(12. 8 m) main chute, 200 ft ((11 m) beneath the drogue chute, The third stage was

to be the extraction of the simulated balloon from its container on top of the open
main chute and the full extension of that balloon, as would be required for midair

inflation. This third stage was to be accomplished through the drag forces exerted

on the packed balloon by the 32-rt (0.8 in) drogue chute.,,'

3.2.3 INADEQUACY OF THE 32-FT (9.8 m) DROGUE CIIUTE

To reduce system complexity, the drogue chute was chosen to act also as the

load extraction chute, a role which subjects the drogue to high loading forces, In

this case, the force was taken to be approximately 10, 000 lbf (44, 480N), a value

slightly on the high side. (Actual calculations are contained in Appendix A). There

was dome question at the start about the ability of the 32-ft light-weight ring-slot

*The lead ballast and the massive structural members of the cubical box simulated

the weight of the cryogenic unit, but being very dense, they did not truly simulate
its volume characteristics, This discrepancy was considered unimportant with
regard to parachute system qualification testing,
In the deployment of the real balloon in a live operation, there would be additional

stagesi the filling of the balloon, the cutting away of the drogue, the dropping
away of the cryogenic unit, etc, (See Figure 1, ) In the NPTR tests, the plan was
to take the operation only through the first three stages, as described above.

5 MasseaWi , and Wuest, M. (1978) The Ai' Launched Balloon System, AFFTC-
TAR -7142. .. r...
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SFigure 4. l'light-ready ArIMS Test Vehicle, in I-Hor-
zontal Attitude, With Patcked 28-ft Drogue Chute at Top

chute to withstand Aiuch forces. The dfl 1th T. S. had only limited experience with

this parachute as a load extraction chutte. It was selected for the A LTAS tests pri-
maurly to accommodate the nuthor's decsire for a drogue chute of specific drag

charricteristic., Ills chief .onvern w.is witi, the drag force needed to allow the

drogue chute to pull the folded A L.3S balloon from its container on top or the main

parachute and with the dynamic pre.suve, "q, " which the exposed balloon would

experience. CaIculations showed that the 32-ft ring mail drogue chute, when de-

ployed above the 42-ft main chute, would easily provide both the needed minimum
drag foreeand the desired q of0.,5-1, 0 psf (23.94 - 47.88 N/in), (See Appendix B.)

In evaluating the 32-fl drogue chute for the additional load extraction role, the
Squadron relied on a previou.4 test where this chute had successfully withstood an

extraction force of 11,400 lbf (50, 707N). Thus, even though the true operating load

range of the 32-ft chute was not known, it seemed reasonable to employ it in an

18
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Figure 5. ALES Test Vehicle Secured to'flani of C-130,

20-rt Drugue Mounted on Pendulum (Not Shown)

I Y

All &-"

Figure 43. A LES Teat Vehicle Drop at the
National Parachute Teat Range
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extraction where the expected force was at least 1400 ibf (6227N) 1ose than exper-
ienced earlier.

3.2.4 TUN FIRST ALBS DROP TEST (TEST NO. 1)

The first extraction of the test vehicle from a C-130 took place over the NPTR
on 2 February 1977. The aircraft was at 10, 000 ft (3048 mn), flying at an equivalent

~jIairspeed of 130 knots. (True airspeed 1a 255. 8 tt/sec, 77. 88 ni/nec). Within
seconds of the load extraction, the auspension lines of the 32-ft chute failed and the
chute separated from the load. In the resulting free-fall to the desert floor the

test vehicle was damaged beyond repair (see Figure 7), thus Introducing more thanji a months' delay into the program for rebuilding of the test vehicle. (The rebuilt
test vehicle was actually ready for flight by midMarch, Aircraft maintenance prob-
lenms delayed the resumnption of the tent program by another two weeks, however,)

ki

Figure '7. Destroyed ALBS Tent Vehicle, Test No, I

~True airspeed here is obtained by dividing the aircraft's equivalent airapeed
(e. a.a. ) in knot. by the square root of the dens ity ratio (p /p. or ar) for the altitude
at which the aircraft is flying and by multiplying the result by the appropriate con-
version factor for ft/moc or rn/nec, For example, let e. a.mn. equal 130 kt,
altitude - 10 000 ft. a - 0. 73859, True airspeed '130/! 73859 X 1. 889 255. 5
ft/mec (77. 88 rn/nec).

20

........... ...



On the 2 February flight, the test vehicle had been equipped with strain gauges

to me~asure parachute forces at load extraction and at main chute deployment.

Despite the drogue chute failure, a measurement of the peak extraction force was

obtained: 10, 240 lb, which was soinewhat higher than the expected force, 10, 000 lbl.

Moreover, the actual opening time was measured at 0. 88 sec, which should have

led to a load more on the order of 9, 000 lb. (The reason for the discrepancy was

not established.)

Peist-flight examination of the drogue chute revealed that the failure had

occurred in those portions of the suspension lines near the skirt which had been

dyed black approximately one year earlier. (Tho purpose of the dye at that time

was to enhance photographic contrast so that films of the chute opening sequence
•, could better portray the action at the skirt.) on the day following the test failure,

tensile strength tests were conducted on both dyed and nondyed portions of the re-

covered lines, They showed that a marked deterioration in the breaking strength

of the lines had taken place in the dyed areas, and that the load capacity of the

chuote had been seriously degraded. (The specified breaking strength of the lines

was 550 lbr (2446N)i the measured breaking strength of the dyed samples was only

'412 lbf (1833N)i nondyed samples broke at or near the specified load.)

This failure incriminated the dyed suspension lines, of course, but it did not
bring into question the capacity of the 32-ft chute when not so treated. Even go, it

instilled an attitude of caution in this regard. It was decided, therefore, that the
next load extraction test would not only feature new, undyed and stronger suspension
lines on the 32-ft chute, but also would have that chute rooted 50 percent for 8 sec

before full opening, a feature dosigned to reduce the load extraction force consid-

erably. Moreover, the test would be conducted first with an Inert bomb whose

weight matched that of the test vehicle. Under this arrangement, chute capability
would be demonstrated before deployment of the actual tent vehicle, and if the chute

failed again, rebuilding of the test vehicle would not be required.II~ I

3,2, TI.ST NO. 2

On 29 March 1977, the C-130 took off from El Centro with two loads on boardi

an inert bomb and the rebuilt ALBS test vehicle, Both were equipped with rein-

forced, undyed reefed 32-ft (9. 8 m) chutes. The bomb was extracted first, from
an altitude of 10, 000 ft (3048 m) (e. a. t. 130 kt). The 32-ft chute tailed immediately

and catastrophically, The virtually free-falling bomb buried itself in the desert.

Needless to say, the C-130 returned to the base with the ALBS test vehicle still on

board.

This time the failure was in the canopy apex area (see Figure 8). High speed

motion picture films showed that it had been triggered by an unexplained premature

activation of the reesing line cutter after I sec. The canopy "blew" when the

21
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Figure 8. 324.t Drogue Chute With Apex Area Btlown out

parachute went fron- 50 percent open to hilly open before the System had decelerated
significantly, Even so, the chutte'8 Inadequacy was clear to all concerned,

Aftter engineering discussions between the autflur and memberm or the Squadron,

it wav decided to abandon the 32-ft (9. 8 m) lightweight ring Slot chute in favor of a
heavier 20-ft (8. 53i ni) ring Slot extraction chute routinely used by the Squadron and
by Air Force and Army operational elements. (Parachute, cargo, extraction 28-ft
F5N 1070-00-687-5459). It has a rated load capacity of greater, than 25, 000 lbf

-I5

(I. L12 X 10~ N). This substitution reduced the amount of drag available for pulling
the balloon out of its container, and incevesed the q (dynamic pressure) that the
balloon would experience, but it was it necesanry moave to get beyond the first step
of the ALFIS deployment process,

Table S2 of Appendix B shows the calculated values of area, drag and dynamic
pressure for the 28-ft drogue chute and 42-ft main chute combination. It indicates
that the maximum calculated drag at the drogue (302, 09 lbf, 1013. 2N) is almoet
exactly equal to the minimum required valuo (302 ib, 1010, 2N), while the dynamic
pressure (1. 071 puf, 51, 2JO N/ni 2 ) in just Slightly above the upper limit of the
specified range for q. These values Indicate a poanibly marginal extraction cap-
ability and a higher-than-demired force per unit area on the balloon film. As later
events Showed, however, the disadvantages cited for the smaller diameter chute
were of less consequence than had been feared,
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3.2.6 FINAL PARACHUTE SYSTEM TEST CONFIGURATION

The decision to use a 211-ft drogue chute restored the test programt s momen-
tum and, in the lung run, proved to be a good move, It fixed the system parachute

sizes and all subsequent tests were conducted with a 28-ft drogue chute and n 42-ft

main chute, As the tests proceeded some changes were required in minor system

components (break-ties, line cutting devices, etc) which are covered in detail in

the 651Ith Test Squadron report5 and are mentioned briefly in this report, Fig-

ures Oa and 9b show major details of the parachute system test configuration In the
first and second stages of deployment.

3.3 Balloon Drop Test Configuration (Preliminary Discusulon)

S4,3.1 A DIFFERENCE IN REQUIREMENTS

The NPTR parachute system test configuration discussed above was selected

to meet a more limited set of requirements than that of the drop te.st planned for

Holloman APB, where a carrier balloon would be the platform from whivh the ALBS
module is dropped, In order to verify the dynamics of both the parachute deploy-

ment and the AI.,S balloon extraction steps, it was not ticcessary to inflate the

ALBS balloon. Hence, a dummy A 1X8 balloon* could be employed in the NPTfR

tests as long as it miimulated the length and linear weight distribution or the real
AI,BS balloon In the packed and extended states, Moreover, there was no require-

ment to separate the dummy balloon from the parachute system during the NPTR
tests, even though this is a major requirement when the AIDS balloon is actually
inflated (as would be attempted in the Holloman test). The consequence of this

difference in requirements was that the NPTtt system test configuration could not
be used directly in the Holloman carrier balloon drop test, This is not to nnminiizu

its importance, however. The NPTH system test confiqurntion did precisely what
it was meant to do by qualifying the basic parachute system design. In addition,
it provided the engineering foundation for the configuration actually adopted for the

carrier balloon drop test.

*To simulate the real ALBS balloon, which weighs 200 lb (889. ON) and is 102 ft

(31 m) long, a dummy balloon was constructed of a double thickness of O-ply
Type XXVI Nylon riser material. The reasoning here was that if the drogue
chute could successfully pull this line up from its container at the apex of the
main chute and extend it vertically to its full length, the balloon extraction capa-
bility of the drogue chute would have been amply demonstrated. (The effect of the
dynamic pressure on the real balloon film would have to be ascertained at a later
date when the balloon itself would be extracted,)
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28 FT RING SLOT-
DROGUE CHUTE

- 200 PT EXTENSION LINE

1ST TAO SUSENSON LNES20,000 LB STRAIN LINK

RADIOPLANE RELEASE LRECEI

NO. ¶ (RRiI

2ND STAGE DEPLOYMENT LINE

15.000 LN LINKS
Z) IEA. CONI

RADIOPLANK RELEASE
NO. 2 RAN21

PACKED ALBS BALLOON ~-ALES TEST VEHICLE

PACKED 42 FT CHUTE M O

CRUSHABLE PADDING

1F'tfure 9a. Parachute System Text Vehicle., I-&rat Stage Cofltigfuration
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TO DROGUE CHUTE

OPN R
DISCONNECTED 1S? STAGE4 SUSPENSION LINES

(2 NT IOWYI ~2NID STAGE DEPLOYMENT LINE

BALLOON DEPLOYMENT LINE SALCEI

PACKED ALEBS BALLOON .- SNOOD"("DOUGHNUT")

42 FT RING SAILL~
MAIN CHUTE

INFLATION HOSE IN
COTTON SLEEVE

CHUTE CENTER LINE

.-* -~~ADAPTER ASSEMBLY

BM0 LB STRAIN LINK

SECOND STAGE
SUSPENSION LINES

ALES TEST VEHICLE

Figure 9b. Parachute System Test Vehicle, Second Stage Configuration
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3.3.2 ADDED FEATURES

The carrier balloon drop test configuration, which incorporates a number of
additional features, is described in detail in Section 5. It is believed that the
reader will better appreciate the subtleties of that configuration after reviewing
the narrative account of the NPTR parachute system test program. For that
reason, the events connected with the parachute test program will be taken up next.

4. THE PARACHUTE SYSTEM TEST PROGRAM RESULTS

4.1 An Abortive Start

Paragraphs 3. 2. 3, 3. 2.4, and 3. 2. 5 discussed the shortcomings of the 32-ft
ring slot drogue chute and described the first two parachute system tests. No
further mention will be made of those tests which were unsuccessful and nonrepre-
sentative of the remainder or the test series.

4.2 A Partial Sucess (Tent No. 8)

On 8 April 1977 the first deployment of the parachute test system configuration
with the 28-ft ring slot drogue chute was carried out: At zero time, To, load
extraction from the C-130 aircraft was initiated and took place flawlessly. (The
aircraft was at 10, 000 ft, e, a. a. 120 kt). * The test vehicle quickly assumed a
vertical attitude, and at T 19 sec, main chute staging was Initiated. Six sec
later the packed dummy balloon was riding on top of the fully Inflated 42-ft main
chute (as shown in Figure 9b), waiting to be extracted from its canvas container by

-. the drogue chute, However, when the timer-initiated command for this function
was given (at To + 39 see), there was no extraction. The system floated to earth
and landed without damage, Post-flight inspection revealed that the wires leading
to the explosive squibs on the number two fadioplane Release (RAf2) had been

The early NPTR flights were performed at 10, 000 ft (3048 m) for crew safety
purposes, It was believed that the launch crew could gain proficiency with this
new system more readily if unhampered by the cold and oxygen-deficlent condi-tions found at 25, 000 ft (7020 m). Also, the propeller-driven air-air photographic
chase plane (T-28) performs better at lower altitudes. Since this plane would
have to bank sharply and continuously to follow the ALBS module down after its
extraction from the C-130, it seemed desirable to work out this maneuver first
at an altitude of maximum aircraft response. The author agreed, after system
calculations established that dela gained at 10, 000 ft would be applicable to later
extractions at 25, 000 ft.

**As explained in paragraph 4.3, this time was later changed to T t- 20 sec and the
main chute deployment Initiation time wan changed from T• + 1Aec to To + 10 see.
The revised times were used for all subsequent tests, including the Holloman AF78
drop,
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broken during the deployment, thus making the extraction step impossible. (See

Figure 10.)
Despite the disappointment over the less than completely successful test, there

was elation over both the perfect performance of the 28-ft extraction chute and the
positive and unexpectedly rapid (3 sec) inflation of the main parachute. Also pleas-I': ing was the lack of damage to the 3-mil (0. 0076 cm) thick polyethylene balloon

inflation tubing during and after the main chute deployment. (In this test the infla-
tion tube was attached to the main parachute centerline. (See Figure 11. ) Later

on, it was moved outboard to one of the suspension lines (see paragraph 4. 7).)

Appendix C thoroughly covers pre-test calculations or main chute opening
parameters, apprehensions felt in connection with the opening and precautions

ii engineered into the system configuration to insure success. This test dramatically
vindicated the precautions, verified or refined the calculated results and removed
the apprehensions. That the electrical lead wires had failed to survive the moment
(of violence (see Appendix C, paragraph 3. 3. 3) when the main chute was deployed,

was rightly considered a correctable system design flaw as later events proved.

I .1

Figure 10. Radioplano Release No, 2, Figure 11. Inflation Tubing Assembly.
"[Doughnut" arid Electrical Connector 3-mil layflat polyethylene tubing is in-

side cotton owitet Aleeving. Note attach-
mont to centerline of 42-ft main chute

4.3 A CJkange In the Method of Actlvating the Radloplane Releases

Discussions between the engineers of the 6511 T. S. and the author led to the
decision to try the experiment again with a less vulnerable method of Initiating
ballooii extraction- The battery powered, timer-controlled explosive squibs in RR2
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would be replaced with lanyard-initiated, percussion-fired cartridges with a built-

in delay of 10 sec. Although reliable and quite commonly used in the aerial deliv-
ery of military cargos, these cartridges were not used earlier because of the orig-
inal long staging times. (Main chute deployment, which is controlled by the first
Radioplane Release (RRI) was to be initiated at TO + 19 sec, while balloon extrac-

tion, controlled by RR2, was to begin at T 0 + 30 sec.) The test just concluded
showed that shorter time stages were pos.ible, thus permitting use of the 10-sec

delay cartridges, The 8511 T, S. quickly incorporated them in the ALBS test
vehicle both for main chute deployment and balloon extraction (see Figure 12).

(See also paragraph 3, 4. 2, Appendix C.)

....... , ....... '.'. .

FIgure 12. Hadioplane Release With lanyard-Initiated,
10 Sec Delay, Percussion Cartridges

4,4 The Knife Thst Did Not Cut (Test No. 4)

The next test was conducted on 21 April 1977, with the C-l30 flying at the
arame altitude and airspeed as before (10, 000 ft, 120 k0. Load extraction was

excellent and the main parachute deployed and inflated properly. Balloon extrac-

tion still did not take place, however. Although the percussion cartridges had
initiated the extraction mtep as planned, the event did not go to completion for an

unexpected reason:
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When RR2 disconnected the drogue line from the apex or the main parachute,

the drogue's residual drag force was supposed to pull two cutting knives across

the drawlines (lacing) of the balloon containment bag (doughnut) (see Figure 13.

The severed lines would then be pulled from the bag. This action would release

the cover of the bag and allow the drogue to pull the balloon upward. What actually
happened was that only one knife cut completely through its drawline. The pull of

the drogue was insuffhcient to extraut the dalugged, longer-than-planned drnwllne

from the doughnut and, thus the balloon was not pulled upward, The array des-
cended to the ground without damage, with the weight of the packed balloon appar-

ently suspended by the nonfunctioning knife's cutting edge.

,'.

i.

Figure 13. Balloon Containment Bag (Doughnut) Lacing
and Cutting Knives

Clearly, another minor design change was called for, The response was to
replace the two cutting knives with four explosive reefing line cutters. A 6-sec

delay time was included to allow them to be lanyard-initiated during main-chute

deployment. Moreover, reefing rings were installed at the top of the doughnut to
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reduce the friction as the severed drawline was being pulled out, (Nylon loops

had been used before.)

4.5 The Retaining Ring Problem (Test No. 5)

The above change was incorporated in the configuration flown on 4 May 77.

Unfortunately, a new "glitch" came to light on that date: The load extraction force

developed a transverse component which caused the retaining ring for the 3/8 in,
(. 953 cm) pivot pin (which secures the swing pin of RJRI) to fly off, The unres-

trained pivot pin immediately fell out, prematurely initiating main parachute

deployment. The drogue chute and the 200-ft line were still in a horizontal attitude

at this point and the substantial deceleration forces broke the doughnut'n restrain-
ing straps allowing it to slide along the uninflated main parachute, stopping over

the canopy area. When the array swung into a vertical attitude, the doughnut kept

the main chute from opening, The fouled lines inhibited balloon extraction also.

The array descended to the ground on the drogue chute alone, landing at a very

high terminal velocity (approximately 01 f/sec, 18, 1) m/sec), The impact was
cushioned somewhat by the crushable padding, which was flattened in the process.

,rherte was some damage to the rugged test box, but not enough to require rebuild-

ing.
Despite the frustration of the May 4 failue, It was decided to press on. A

' oepeat test was conducted on I1 May 1977, with the faulty grooved pivot pin and

r vtaining ring replaced by a threaded bolt and selr-locking nut (see Pigure 14).

P'igure 14. Riadloplane Release, Showing Bolted Pivot Pin
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4.6 Success at Lat (Test No. 6)

Patience was finally rewarded on this occasion. All events occurred on ached-
ule and exactly as planned. The dummy balloon was stretched out vertically to its
full length of 102 ft (31. 1 m) in approximately 8 sec. The aircraft speed was
higher this time, 130 kt, but the higher load extraction forces caused no problem.

With the successful completion of all scheduled events at 10, 000 ft, the way
was now clear for a test at 25, 000 ft. The experience gained in the preceding tests
had eased earlier concerns about operating under the harsh, open-cargo-deck
environmental conditions at 25, 000 ft. As it turned out, the cargo master, photo-
mate, and other cargo deck personnel were able to function quite well.

It should be mentioned that moderate "coning" of the 42-ft parachute was ob-
served for the first time on the 11 May test -flight. This motion, in which thelower part of the main chute and its load rotated through an included arc of abomt

30 degrees (as opposed to simple back-and-forth pendulum oscillations), was quite
noticeable as the array descended to the ground. It gave rise to another system
modification described in the next paragraph.

4.7 The Frst HIlh.Altitude Drop (Test No. 7)

The firMt drop at 25, 000 ft was conducted on 25 May 1977 (alrspeedt 130 kts).
All stages deployed properly, with no adverse effects due to increased altitude,

In an attempt to reduce or eliminate coning, the hardware at the apex of the

42-ft chute was changed for this, test to allow fuller opening of the apex, It was
believed that the Inflation tubing would not aurvive the harsher environment at the
apex and hence, it was iouted up one of the main chute suspension lines and over
the top of the canopy for the first time. (Previously, it had been attached to the

Actually, the most serious problem encountered in the 25, 000 ft launches was the
precision flying required or the T-28 photo-chase plane. This called for a learn-
Ing process on the part of the Navy pilots who flew this aircraft and there was
noticeable improvement in the quality of air-to-air photo coverage as the number
of releases at 25, 000 ft increased, From discussions with these pilots, it was
obvious that the tight turning radius needed to keep in contact with the descending
AIABS array required maximum coordination and led to substantial physical dim-
comfort. (The same was true of the photomate manning the camera.) At any rate,
the air-to-air coverage was truly spectacular towards the end of the flight series.
The same improvement was noted in the photography taken from the platform of
the C-130, where, even though g-forces were not a factor, ambient temperatures
at the open ramp were very uncomfortable. (Part of this improvement was due to
a larger camera lens size which experience dictated,) (In addition to the air-to-
air coverage just described, the NPTR had several high resolution tracking cam-
eras following the ALBS test events from the ground, plus cine-theodolite cover-
age for time, distance, height, and velocity measurements, and video cameras
for live coverage. The quality of this coverage was uniformly good and made it
possible to know at all times what was happening or what did happen during the
course of the tests.)
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center line.) A swivel was added to the balloon deployment line, as an additional

change, to prevent twisting of the drogue from affecting the balloon.

There was no damage in this test to the rerouted tubing. (It was attached in
the same manner for the rest of the night tests. ) The fuller opening of the apex

did not alleviate the coning problem, however, and it continued to be a worrisome

item, eventually leading to the specialized coning teats described under tests

no. 12 and 13.
Damage did occur on test no. 7 at the base of the doughnut, however, although

it did not interfere with the deployment ot the simulated balloon. The culprit was

the measured 7000-lbf (3. 1 X 104 N) shock loading developed during the exchange of
momentum between the recoiling doughnut and the suddenly decelerated cryogenic

unit. (See Appendix C.) It was decided, therefore, to reinforce the doughnut for
the next test. In addition, eighteen (18) Nylon loops, evenly spaced, were added
to the centerline of the 42-ft chute. The loops were secured to a restraining steel
eye by 350-Ibf (1557N) breaking strength ties. It was believed that sequentially-
Interrupted deployment of the centerline folds would attentuate the shock. (The fact

that the inflation tubing was no longer attached to fhis centerline made such an
action feasible. ) Thus, a repeat of the 25, 000 ft (7620 m) drop was planned using
the dummy balloon, the reinforced balloon containment bag, and shock-attenuating

ties on the centerline. (See paragraph 4. 9 for a description of teot no. 8.)

4.8 A Chag of Scope

The NPTR teat series had been planned to test the dynamics of the parachute
system with the understanding that midair deployment of the real ALBS balloon

would be carried out for the first time at Holloman AFS. (A scientific balloon

would be the deployment vehicle for that test. ) However, as the tests at the NPTR

progressed, the idea of carrying out the first balloon deployment teot there became
increasingly attractive. Permission was obtained to add this test to the NPTR

series and plans were made accordingly, even while the original test series with

the dummy balloon was being carried out. One of the three special A LBS balloons

at AFGL was shipped to El Centro for the newly established test. It quickly be-
came apparent that the doughnut would have to be enlarged slightly to accommodate

the bulk of the balloon and its large end fittings. Moreover, it appeared that the
lower rims of the end fittings would have to be carefully padded to keep them from
cutting through balloon material at the time of application of the 7000-lbf force dis-

cussed in paragraph 4. 7. These were not major changes, however, and it was
agreed that the real balloon would be flown after the last scheduled test of the

dummy balloon.
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I:
4.9 The Rnal Test of the Dummy Balloon (Test No, 8)

On 17 June 1977, the dummy balloon v.as deployed from a C-130 over the

NPTR for the last time (25, 000 ft, 130 kt). All stages functioned properly, The
reinforced doughnut was not damaged. The measured deployment shock stayed at
"7000 lbf, however, indicating that the 18 Nylon loops were ineffective as shock
reducers, In the interest of system simplicity, they were dropped from the con-
figuration and were not used again.

4.10 The Inflation Tublag Question

At this point, it was clear that the actual dynamic performance characteristics

E of the parachute subsystem matched the requirements established for midair balloon
deployment. Interest was now focused on the matter of survivability of the real
balloon under the verified dynamic conditions. (Survivability or the rugged dummy
balloon was never in question. ) However, as plans were being made for the deploy-

ment of a real balloon to test its survivability, still another likely problem area
came under close reviewt the adequacy of the inflation subsystem.

The preceding tests had shown that the 3-mil (0, 0073 cam) thick inflation tubing
could be deployed without damage when attached to one of the Muspension lines of

the main chute. (It was enclosed in a protective canvas sleeve, gee rigure 11.)
This fact did not prove, however, that gas from the cryogenic unit would actually

pass smoothly up through the deployed tubing and through the interior filling tube
in the ALDS balloon. Twisting and kinking of the inflation tubing were seen as
distinct possibilities, An obstruction of this type would lead to tubing rupture with
the gas escaping to the atmosphere, rather than filling the balloon. Clearly, this
aspect of the A LBS process would also have to undergo demonstration testing before

confidence could be established in the overall inflation process.

Gradually, a plan evolved whereby a mini-inflation system would be added to
the NPTR test vehicle so that a small amount of gas could be passed up to the
balloon to verify the suitability or the Inflation tubing. This would not be attempted,
however, until the real balloon had at least one successful deployment. (See

tests 9 and 10.)

The mini-inflation system was to consist of two standard "KI' bottles of com-
pressed Helium gas (220 SCF ((M 23 m 3 ) each) which, along with appropriate valves
and regulators, would be strapped to the underside of the test vehicle. This Sys-
tem was to match as closely as possible the gas output characteristics of the much

4. larger ALBS cryogenic unit (which could not be deployed from a C-130). The NBS
.greed to put such a system together and ship it to El Centro for the planned test

(test no, 11),

33

.



4.11 First Deploymeat of the Real Balloon (Teut No. 9)

On 29 June 1977, the first deployment or a real A LBS balloon was attempted.
The C-30 was at 25, 000 It, 130 kt e. a. s. First and second stage deployments

occurred normally and the balloon actually started to move upwards out of the

doughnut under the drag of the drogue. Only about a 6-It (1, 8 m) length of balloon
was actually pulled out, however, due to the opposing action of an interfering line,

The system floated to earth with no damage to the balloon or test vehinle,

412 A Succesaful Balloon Extraction (Test No, 10)

The above test was repeated on 7 July 1977 with the offending line removed
from the path of the ascending balloon. Also, four Nylon girdling bands were added

around the doughnut pack to control bulk, The results were very gratifying. The
entire balloon was extracted readily and suffered no damage either In the extraction
or during the descent to the ground, It was clear that the maximum dynamic pres-

sure experienced was well tolerated by the untnflated balloon material. Serious

twisting of the inflation tubing between the base of the balloon and the top of the

main chute was observed in this test, however, confirming earlier apprehensions
on this score.

In prior tests involving only the dummy balloon, the inflation tubing had been

tied in several places to the centerline of the 42-ft chute or (later) to one of the

suspension lines. Since the dummy balloon had no attachment point for the tubing,
the latter was tied off just above the apex of the 42-ft chute. A ,itmilar procedure

was used at the interface between the test vehicle and the bass of the 42-ft chute,

This arrangement kept the inflation hose from indicating, by twisting, any relative

motion between the dummy balloon and the 42-rt chute. (Twisting at the lower end
was not considered a problem and would have been detected from box rotation, if

present.)

In the test with the real balloon (test no. 10), however, the top end of the infla-S~tion tubina was attached to the flanged inflation port on the bottom end fittting of the

balloon, (The bottom of the tubing was still tied off in the test vehicle. ) This new
connection clearly showed up the twist problem and alerted all to th, need for

remedial action at once, Twisting of the inflation tubing would cripple the planned
mini-inflation test and, thus, could not be tolerated,

Of the many ideas discussed to eliminate the twisting, the one proposed by
,t, Warren Massey of the 0511 T, S, seemed to be the most promising. It involved

a flexible no-twist metal linkage system which could be folded in the packing of the

balloon and main chute, and which allowed only a quarter-turn of twist between the

two. This no-twist linkage (NTL) wan fabricated for use on the mint-inflation test
night about to be described. It is depicted in Figure 15, which it a sketch of the
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complete complement of hardware items required At the base of the ALBS balloon

for a live flight. (This it the configuration actually assembled for the Holloman

balloon drop test.)

4.18 The First Attempted In.FilIht Inflation (Teat No. 11)

On 26 July 1977, the ALBES test vehicle, modified to incorporate the mini-

inflation system (see Figure 16) woo extracted over the NPT 1R (25, 000 ft altitude,

130 kto eo a. a. ). Balloon deployment was accomplished readily and inflation was
begun at To0 + 40 sec via a timer-opeued solenoWd valve. The gas did not appear to
have gone into the balloon as planned, however. The films were inconclusive In
that they could have been interpreted as showing either a slight inflation or none at

all. In addition, the recovered balloon was slightly damaged upon Impact with the
desert terrain of the NPTR, and one hole near the apex would have released any

gas which might have gone into the balloon,

When the recovered inflatioh tube was examined, several long burst -caused
tearn were noted in the area which had been just above the test vehicle, that Is,
at the base of the 42-ft parachute. The test films Nhowed that the inflation tubing,
which had been shortened somewhat for this test, might have been stretched taut

in that location by a pomt4Lblo 3/4 turn about the 42-ft chute confluence point, thus

'1

Figure 16. ALUS Mini-Inflation System Bolted to Bottom of Test Vehicle
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obstructing the flow of gas and allowing a quick buildup of pressure, Whether

this actually occurred could not be determined. It was established, however, by

tests conducted later at NBS, Boulder, that the buildup or pressure in the tubing

was almost instantaneous (as opposed to the gradual buildup with the cryogenic

unit) and that almost any obstruction In the inflation tubing would have led to the

burst experienced. It was concluded that the test should be repeated, but only

after the mini-inflation system had been modified to provide a gradual pressure

buildup which the tubing could tolerate.

The test films also showed that the no-twist link between the apex or the 42-ft

chute and the base or the balloon was very effective, The link became a permanent

part of the system configuration as a result,

Coning or the 42-ft chute was noted again in this test, and, in the "real time"

films of the test, was quite pronounced, (The high speed photography, 100-200

frames/see, tended to mask this motion. ) It was believed that the 42-rt chute

centerline was the chief cause of this coning and plans were made to fly two tests

* of the 42-chute alone, using a 1t00-lb (60tf72N) weight bomb to simulate the test

vehicle, one test would be with a centerline, the other without, in order to deter-

mine the effect of the centerline, (See tests 12 and li, ) The desire to eliminate

coning arose from concern ovwr possible losm of fluid stratification in the cryogenic

unit and fear of pinching the inflation tubing off,
As preparations were made for a repeat of the balloon inflation test, other

modifications beyond the change In pr-essure buildup time were worked in. These

included adding slack to the Inflation tubing, shortening the connection between the

main chute and test vehicle, replacing the straight gas inlet pipe on the balloon's
bottom end fitting with a large elbow, and fabricating a new, smoother and less

bulky canvas protective sleeve for the inflation tubing. The impact-caused holes

in the balloon were patched to Insure that the Inflation ga:4 would be retained,

The phmnnod balloon drop at lholloman AP13 (after the completion of the NPTR

tests) had been receiving contiderable attention luring thia snme time period, and

it was decidedl to incorporate in the upcoming NPTR balloon inflation test some of

the items that would be used at Holloman, (These items would be added to test

physical compatibility, They would not be functional, ) The items included an 8-
conductor cable attached to a suspension line of the 42-ft chute and two explosive

separation devices (a shear nut and a Tenney load attachment device) at the base of

the balloon, as would be required for termination of the ALBS balloon flight at

Holloman AFB (Osee Figure 15), (The 42-ft chute was shipped to Holloman AFI3 for

Installation of the 8-conductor cable and was returned to the NPTfl for the test.)

In the interest of economy, the two tests to determine the cause of the coning

action of the 42-ft chute were scheduled for the same day as the repeat of the balloon

Inflation test, The C-130 would carry all three drop vehliles simultaneously,

37



releasing the 42-ft chute/weight bomb test packages at 10, 000 Rt (two passes) and

climbing subsequently to 25, 000 ft to release the ALBS module. After many delays,

this series of drops (tests nos. 12, 13, 14) finally took place on 37 October 1977,

The results are described below,

4.14 The Conlin investigation Tests (Tests Noe. 12 and 18)

On the first test (no. 12), the 1500-lb weight bomb was dropped on a 42-ft ring

sail chute equipped with a centerline. Definite coning, of the type and magnitude

exhibited by the full systems, was noted. Unfortunalely, in the second drop (teat

no, 13), several suspension lines of the 42-ft chute (no centerline) failed, causing

the chute to drift, Thus, although no coning was noted, the test was not considered

meaningful because of the remultant parachute distortion, These tests proved that

the 42-ft chute did indeed cone with a centerline in place, but the parachute's

behavior with a heavy load in the absence of that line was not established. The

tests were not repeated, for reasons given in the discub.ion of test no. 14, and as

of this writing, the question has not been resolved. (It should be noted here that

the 42-rt ring sail chutes used in these testa were new to the 06511th test squadron,

and there was little information available on their perlbrmance charaoteristics

under various conditions.)

4.15 Tim Second Balloon Inflation Test (Test No, 14)

The second attempt to achieve pattial Inflation or the deployed bnlloon was

initiated when the C-130 leveled off at 25, 000 ft, urter the above coning tests. A

problem developed just as the ALBS module was leaving the ruLmp of the C-130,

however, which doomed the test to failure: The deployment of the main chute was

initiated prematurely (by approximately 0 sgc) so that it opened while still in a

horizontal attitude and at a much higher velocity than planned, The shock broke

the centerline of the chute, damaged or broke several panels and suspension lines,

and tore open a large hole in the partially exposed balloon, Rlemarkably, the nor-

nmal two.,parachute configuration was subsequently achieved and the balloon was

even extracted to full length. The system descended to the ground on both chutes,

with the tattered balloon Fully deployed.

Post-flight examination showed that the gas inflation systemi had discharged

properly. There was no way of telling whether gas had gone into the balloon,

however, because of the ninny rips in the balloon fabric, Moreover, several long

tears where found in the inflation tubing, just below the point of attachment to the

balloon's lower end fitting, which, incidentally was badly daunaged, It was not

possible to tell whether excessive main chute rpening forces or gas pressure had

split the Inflation tubing.
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The basic cause of the failure was a matter af speculation. From damage
marks noted inside the test box, it appeared that iRR1 (see Figure 9a) had struck

the bottom side of the box as it was being pulled forward by the taut 200-ft drogue

line. The impact was apparently severe enough to break or prematurely discharge

the release, (It was never recovered.)

Normally, the load extraction sequence is as follows: The packed 28-ft drogue

is released into the airstream behind the C-130 by triggering the pendulum releahe

device on which it is hung. As the chute pack moves away from the aircraft (rela-
tively speaking), deploying the 200-ft line from its base, it develops a downward

component which is transferred to the 200-ft line. When the line becomes taut,

the 28-ft chute is extracted from the pack lines first, and opens up. The rapidly-
developing deceleration force is applied via the 200-ft line to the attachment hard-
ware at the test box, breaking the restraining tie-cords (shown earlier in Figures 4

and 5) and pulling the suspension lines out of the box to form a pyramid. (Fig-

ures 17 and 18 show the first stage pyramid in a vertical attitude during pro-flight

preparations. In actual flight the pyramid is horizontal, initially. RRI is near
the apex of tihat pyramid, ) When the suspension pyramid becomes taut, the 1000-lb

(4448N) res,'rahiing line is broken and the box moves out of the aircraft (see

Figure 19).

In this case it is suspected that there was a momentary delay In the extraction

of the 28-ft chute from its bag at line stretch and an impulse was developed which

was translated back to the box on the ramp of the C-1;30. The downward compooent

of this impulse, in combination with line recoil, apparently caused fl1 No. I to

strike a metal fairing on the bottom side of the box with great force, thus initiating

the premature release.

This failure was both unanticipated and demoralizing in that it introduced a

new uncertainty into the air-launch process. Tihe engineers at the {0511th Test

Squedron believed that the configuration used to date could permit the failure just

expeitenced to reoccur on a ranl(doml ba .-is , Thus, any attempt to repeat the balloon
inflati-ai test again wo~uld be• threatened by the po(ssibil]'ity of anuther f'ailure at the

ramp. Extensive engineering and testing v. ould be required, in their opinion, to

reduce the chances of such a faiia.e to an acceptable le. el.

It was reluctantly ag,'ced that the NPTR test flights would be terminated immed-

iately, even though the coning issue' had not been resolved and the inflation systurm

had never really been successfully tested. This dLcision was influenced by a short-

age (uf funds4 to expand the effort at the NPTR to encompass extraction reliability

tests and by a desirE to avoid further major slippage of the long-delayed balloon
drop test st lhlohiman APIR, It was reasoned that a successful proof-of-concept

test at H1olloman would allow the next phase of the program to start, namely the
development of the "hardened" version of the cryogenic unit, suitable fo.. extraction
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Figure 17. Test Vehicle, First Stage Figure 18. Test Vehicle, First Stage

Swuipenriion Suspension (Cloeeup)

Figure 19, ALB3S Load Extraction

40

. ... . . ... ..



H 01,

04 1 N

Iun ke I Ini
044

cii

4 -4N 4

t- 1- t- Id..

414



from a C-130. During the development of that version of the A IJS, more reliable

extraction techniques would be worked out.

Thus, the program's emphasis now shifted entirely to preparations for the

Holloman launch. The engineers of the 0511th Test Squadron were active partici-

pants in theme prupurations and arranged both to furnish many of the components

needed for the drop and to be present for the package preparation and post-flight

assessment,

With the ter'mination of the NPTR test program, there was sonie regret that

not all of the questions had been answered. Nevertheless, there was a feeling of

solid achievement in that the original NPTR flight test objective (see paragraph

3. 2. 1) had been fully met and that important data had been developed over the

above that originally sought. Also, plans for the Holloman drop could be formulated

with a degree of confidence in parachute system performance which would otherwise

have been impossible.

Note, The foregoing discussion of the NPTR tests gave no indication of attend-

ance by the author. Actually, he made several tri'ps to El Centro during the pro-

gram, staying almost a month on one occasion. However, despite the best of

planning, it was not always possible to forecast the delays and postponements which

occurred because of unsuitable weather, aircraft breakdowns, range nonavailabil-

ity, etc. In the period of a month, he made two separate week long visits to wit-

ness a test, which was eventually conducted later in his absence. Fortunately, an

excellent rapport was developed with the (1511 T. S. which permitted test prepara-

tions and results to be monitored closely by telephone, in lieu of actual attendance.

Table I summarizes test conditions and indicates tests at which the author was

present.

5. TlIF HOLLOMAN AFB/WIITF SANDS MISSILF RANGE BALLOON
DROP TST

5.1 Prio, Preparation.

The preceding discussions show that the drop or the live AIBS module from a

carrier balloon at 25, 000 ft over the White Sands Missile Range had been in the

test plan from the start. It was postponed several times because it could not be

conducted before the NPTR parachute subsystem tests were completed and they in,

turn, were prolonged both by technical problems and by an expanded scope of effort.
However, with the termination of the NPTIR tests in November 1977, a firm time

period for the Ifolloman test was finally established, 17-20 January 1978,
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The broad spectrum of preparations required for this test could not possibly
be completed solely within the November to January time period. The January
date was chosen only because most of the preparations had been started several

* . months earlier and were actively in progress while the NPTR tests were being
conducted. By way of illustration:

(a) The lightweight cryogenic unit had been built and was fully tested by the
Spring of 1977 (see Appendix 0).

(b) Three (3) of the special ALBS balloons had been procured in 1978 and one

of the three had already been deployed in midair several times by the end of the

NPTR tests,
(c) The parachute subsystem had been fully qualified at the NPTR, both with

a dummy and a real balloon,
(d) An S-Band telemetry module with UHF command and control functions and

appropriate sensors had been made up at AFGO, for the Holloman flight (see

Section 5. 4).
(e) The inflation tubing assembly had been fabricated and had been flown with-

out harm on most of the NPTR tests, (Although it had not been fully qualified when

those tests ended, the decision was made to use it without change in the Holloman
test, with great care taken In Its handling and installation.)

(f) The remaining major item was the interface component to tie parachutes,
balloon, cryogenic unit, and payload together. Key meetings had been held at the

NPTJR during the week of 18 July 1977 on the subject of the Interface design, with
inputs from engineers of the 6511 T. W., the NBS representative, the AFOL tele-

metry engineer, and the author, The result was the plan for a box-like container
(for the packed balloon, the 42-ft main chute, the TM package and the cryogenic

unit recovery parachutes) which would be attached to and become a superstructure
f for the cryogenic unit. * Thereupon, NBS undertook the construction of the

*With this desi n, main chute deployment and balloon extraction would occur essen-
tially as they gad during the NPTII tests using the same staging times. (See foot-
note ** on page 26. ) Then, after drogue release and balloon inflation (stages 4
and 5) had been accomplished, a new 6th staging operation would be accommodated:
The cutting away of the cryogenic unit to permit the balloon to ascend. (See foot-
note * on page 56, )

It is to be remembered here that In the NPTR tests, the 28-ft extraction chute waa
released to the airstream by the pendulum on board the C-130. As the chute moved

(of. paragraph 4. 15), it deployed the 200-ft extension line and then, as it began
to open, it developed enough force to pull the AL13S test vehicle off the aircraft
ramp. Subsequently, the system swung through a 900 arc to complete the transi-
tion from horizontal to vertical attitude (end of first staging operation).
In the balloon drop test, the AL3S unit stays vertical at all times, As It falls
freely it deploys the 200-ft extension line above it which, when taut, pulls the
28-ft chute out of its pack, which is secured to the carrier balloon's load bar (see
Figure 20), When the 28-rt chute opens, the balloon-dropped system is in the same
same configuration as the aircraft-dropped system at the completion of the first
staging operation (see Figure 9a). In both cases, deployment of the main chute
(second stage) occurs at to ÷ 10 sec.
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4.

Figure 20. 28-ft Drogue Chute Attached to Carrier Balloon Load Bar

superstructure and mated it with the cryogenic unit at Boulder. By late November,

it was ready for shipment to Hoiloman AFB (see Appendix D).

(g) After the interface method was established in July, the author wad able to

generate a detailed master sketch of the dystem (Figure 21 and 22). As he was

working on thiw sketch, which shows the system at the completion or the third stage

(balloon extraction), several informal meetings were held at AFOL to resolve

questions with regard to such matters as the technique for terminating the flight of

the ALBS balloon, the method to be employed for releasing the drogue chute about

halfway through the inflation process, and the procedures for disconnecting the

inflation tubing, cutting the main ci'ute centerline (see * at bottom of page 5F) and

dropping away the cryogenic unit at the end or inflation. The answers to these

questions, in turn, helped to pin down the specifics of commands to be used, the
sequence of those commands, power requirements, cable requirements, and the

like. Once these details were resolved, priority was given to ordering, fabricating,

or gathering together all of the pieces of required hardware. (As indicated in the

discussion of the NPTIR tests (meo paragraph 4. 13), some of the components were
even integrated physically into the 63511th T. S. test vehicle to check on their com-

patibility with the night components already in use.) By late November, m.ost of

the Items were on hand or in the final stages of completion.
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Slogistics associated with gathering and trantiporting all the necessary vehicles,

supplies and equipment 150 miles to the preferred remote sitel the cost of renting

temporary facilities at that sitel the inability to man recovery crews adequately

with the personnel staying behind at Holloman, etc.

The planning meetings resulted in the decision to launch off-range and in the

choice of the municipal airport at Truth or Consequences, NM (T or C) as the

remote site, a decision which was subsequently approved at the Division level,

That site had been used previously by Detachment I so that preparations for the

remote launch were able to benefit from prior experience.I 5.2.3 RANGE REQUIREMENTS DOCUMENT

As a result of the planning meetings, Detachment I was able to prepare the

Range Requirements document needed to enlist the oupport of the WSMR photo-

graphic, tracking, and communication remourcem in connection with the planned

ATL13 drop test. That document, in turn, spawned a W.SMR Operational Directive

(0141418A) which outlined the support actually to be provided,
The Range Requirements document (Operation Requirement No, 41418) is

reproduced in part here (with minior changes) to summarite the test environment,

objectives, and time schedules selected for the planned ALBS teati

A*1 5. 2. 3, 1 Program and Mission Information

(a) Test Objectives: The purpose of this program im to air-launch a high

altitude research balloon. This will be accomplislied by carrying the system to an

altitude of 25, 000 ft on a carrier balloon. When in position over WSMR, a ground

command will initiate the drop sequence, It is anticipated that launch of the carrier

balloon will be from Truth or Consequence, NM so that prevailing winds will drive

the system over WSMR for the test,
(b) Drop Sequence: It will take approximately I hr from launch at Truth or

Consequences for the carrier balloon to be in position over the 50 mile area of

WSMH at 25, 000 ft. When in proper position for optical coverage, a drop command

will be issued from the Balloon Control Center at iIAFB. The ALBS package con-

misting of a cryogenic helium unit, a packed 42-ft parachute, packed air launched

balloon, and electronic control package will fall from the carrier balloon deploying

a 28-ft chute in the process, At T + 10 sec the packed 42-ft parachute is pulled

from the container above the cryogenic unit by the 28-ft drogue chute, At T + 20 sec

the air-launched balloon (ALB) is pulled from its container atop the 42-ft chute by

the 28-ft drogue chute. After the ALB is fully deployed as verified by Detachment I

airborne observer and/or range TV coverage a start inflation command will be

issued by the Balloon Control Center. Inflation will take approximately mrin.
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Thereupon, commands will be issued to release the 28-ft drogue chutel and drop

the cryogenic unit on three 32-ft chutes, Both the carrier balloon and the ALS
will float at approximately 70 K ft and will be terminated off range, probably east

of the Sacramento Mountains. Using standard balloon recovery techniques, all

recoveries will be accomplished by Detachment 1, AFOL.

5, 2. 3. 2 Vehicle and Payload Information

(a) Air launch balloon system (ALBS) descriptioni The ALBS consists of a

carrier balloon (0, 603 MCF) and associated HF control package. Suspended
below the load bar by a nylon strap and dual separation devices will be a large

wooden box containing the packed air launched balloon, 42-ft parachute, UHF bal-
loon control system for airborne Inflation, and three (3) 32-ft parachutes for
cryogenic unit recovery. WSMR supplied C-band transponders will be flown on
both balloon systems. A packed 28-ft drogue chute will be attached to the load bar

and will be deployed at the initiation of the system drop, After ALBS inflation,
this drogue will he released by command. The cryogenic unit will also be dropped
after inflation and be recovered on three (3) 32-ft chutes, These two items will be

recovered on range by Detachment 1, AFOI, personnel,

(b) AILBS system weights: Total system weightt 3023 lbst

ALBS wightt: 1770 lbs.

(W) Instrumentationt The carrier balloon will utilize an HP' command and
balloon control pqckage. Telemetry, downlink will also use an HF system, The

ALBS will utilirie a UHF (420-440 MHO) command package with an S-band (2200-
2300 MHO) telemetry system. All balloon comrnandm and telemetry will be accom-
plished by the Balloon Control Center, Bldg 850, IHAPB, NM,

(d) Vehicle descriptiont Both balloons are constructed of 1. 5 mil thick poly-

ethylene. The carrier balloon has a maximum inflated diameter of 128 ft and
weighs 614 lb. The ALBS has a maximum Inflated diameter or 72, 0 ft and wbighd

100 lb.

5. 2, 3. 3 Vehicle Instrumentation System.4

(a) Each balloon vehicle will be equipped with standard command, control,

telemetry, and destruct systems, Theme systems are provided by AFLt,, and
operated by the AFGL Balloon Control Center at Bldg 850, Hollomaii AFB, In
addition to providing the routine balloon altitude control functions (ballast drop or

helium release), AFOL provides certain command functions to facilitate system

drop, inflation start, chute release and cryogenic unit drop, A command aind
telemetry van, user supplied, will be used at the launch site, T or C airport.

5Actually, the drogue was to be released at T + 3 min (Author).
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..2. 3,4 System Readiness Procedures/Tests

Action Agencies
" Time Event and Remarks

I, - 7 days Still pictures of payload build- Doc Photo
up at Bldg 850
Transponder at Bldg 850 for WSMR/radar
installation on payloads and
checkout

L - 4 days Transport payload to launch User/AFOL
site Truth or Consequences,
NM

Install range intercom at User/Commo
launch site

L - I day AFOL aircratt transits range User
(Alamogordo to T or C air-
port)

L1 - 6 hr Begin pibal support at launch Met
site (T or C)
Still and motion picturem at Doe Photo
launch site

L - 2 hr Transponder check User/WSMR radar

L.- . 0 min, All stations ready All
1, - 45 man, Inflate balloon AFOtL
,L - 15 rain. Transponder check User/WSMiR

1, - 0 min. Launch balloon AFOL

Begin IrPS-10 radar track WSMR/radar
Radar plot to Bldg 9S0 WSMR/chain

L., + 10 niln. ATPCIL aircraft take ort trom AFC]L
,,T (rit C

L + I hr Balloon in position for drop AVOL
of AIHS
Optic stations ready WSMR /optici

T - oin. Begin countdown AFL/Balloon
Control Center

T - (10 mec All stationm ready rar drop All
T - 10 sec Digital radar hogins IP-1'ltI WSMR/radar

No. I
Sthrt telescope cameras at WSMR/optics
t00 rpm

T - 0 A,13S drop APGL
Telolaonpes rollow package W8MR/opticn
Radar track begins on A1,BS WSMR/radar
(IPS-l0 No. 2)

T + 10 sec 42-ft oranou and white deploys, WSMR/opties
Telescopes track chute and
package
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Action Agencies

+ Time Event and Remarks

T + 20 see Telescope center on top of WSMR1/optics
42-ft chute for balloon deploy-
ment

T + 30 sec Completion of air launched WSMR/optics
balloon deployment. Tele-
scope center on balloon

T + 35 see Command inflation begin AFOL
T + 50 sec Digital radar complete WSMR/radar

Telescope cameras switch WSMR/optlcs
from 100 fps to 30 fps

T + 3 min. Telescope center on top of WSMR/optics
balloon for drogue chute cut

T + 3 nin. Command drogue chute cut AFOL
T + 5 min. 36 see Inflation complete AFUL

Telescopes center on lower WSMR/opttcs
package for cryogenic unit
drop

Command cryogenic unit drop AFGOI
One telescope stay on cryo- WSMR/optios
genie unit until cluster or 3
chutes open, approx 30 see.
One telescope stay on ALE
until T + 6 sin,

T + msin, 30 sec Optics complete WSMR/optics

T + 0 hr Terminate carrier balloon off AFOL
range

T + 3 hr, 30 min, Balloon/payload Impact
T + 3 hr, 45 min. Terminate ALBS flight off AFGL

range

'r +" 4 hr, 15 sin. Balloon/payload impact
T + 5 hr Mission complete All

U,8 Choice of Carrisr Balloon

During the letter half of 1977, it had been assaumned that the carrier baln
wi~uld be from the SF128-200-TT series. This balloon model has a nominal ex-

panded volume of 0. 803 million 0t3 (22741 mi3 ) and has a recommended maximum
payload capacity of 2200 lb (9780N). It weighs approximately 600 lb (2689N). How-

ever, as a result or the planning meetings at Detachment 1 in which the weights of
the carrier balloon's load bar, ballast hoppers, range commun iations packages,
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aand the like were added to the new weights of the ALBS module, it appeared that

the estimated total weight on the carrier would exueed the recommended 2200 lb
paylnad by approximately 225 lb (1001N). (See Table 2.) This r'kiaed the spectre

of carrier balloon failure. Additional planning meetings at AFGL led to the decis-

ion to employ, instead, a special double-walled balloon, model SF 118. 66-150

DWR, left over from the earlier POBA L (Powered Balloon) tests at AFOL.
The POBAL balloon is a much heavier balloon, weigl.ing 776 lb (3452N), but it

has a recommended carrying capacity o)f 5, 000 lb (22240N). It.9 expanded volume

is 0. 711 m ft3 (20135 n.3). With the enhanced lifting captcity, it was possible to

plan for 400 lb (1779N) of ballast instead of the 200 lb (890N) (maximum) permitted

! •;with the ea! ier balloon/payload configuration. The extra ballast would afro, d
greater flexibility in positioning the system over the target area and wnuld aid in

the subsequent flight of the carrier -lloon to the east, after dropping the ALBS
module. Then, unexpectedly, the word was received from Detachment I th•L the

only launcl. arm capable of accommodating the POBAL balloon was out of commis-
' ;' sion and would not be ready for the January ALBS test. This led to a quick survey

of previous flight histories of the 12V-200-TT balloon using heavy payloads.. The

findings are tabulated below (all flights successful):

Flight No. Payload (lb) N Free Lift (lb) N

H 76-052 2215 10110 283 250
H 72-077 3800 16902 362 1566
H 68-007 2000 8896 153 681
C 68-001 2996 1332 179 796
C 67-018 2906 13326 178 792
C 67-026 2905 13322 143 H36
C 67-034 24,3 11102 154 685

As a result of the above histories, the . 8-200-TT balloon was reinstated as the
carrier balloon for the ALBS drop and the amount of droppable ballast ,Yas reduced

to the original 200 lb (800N) figure. As shown on Table 2, the tentative payload
weight was 2423 lb (10778N), gross weight was 3023 i.. (13446N) ani with 10 percent

free lift, gross inflation was expected to be 3325 lb (14790N).

The ALBS module had acquired appr. ximatel3 250 extra pounds (1112N) or weight
as various contingency modifications and reinforcements were added. It was now
"grossing out" at approximately 1770 lb (7873N). (See Table 3.)
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Table 2. Overall stem Weights, ALBS Balloon Drop Test White Sands Missile
Range, NM Jan (Estimated Weights vs Measured Weights

Rage NM ,, I, (E .

Actual Weight
Measurements

Estimated Weight Before Launch
Item (lb) (N) (lb) (N)

ALBS Module and 28-ft Chute 1770 7873 1812 8060

Load Bar, Double Unistrut, 90 400 92 409
(Including All Hardware)

Ballast Hoppers (2 ea) 32 142 30 133

Range Pack II, (Minimum 120 534 115 512

Batteries) and Backup Pack

C-band Transponder 10 44.5 25 111

Parachute, f. c., 100-ft dia. 201 894 190 845

Durable Ballast, Glass Beads 200 890 200 890

A LBS Release Mechanism ... ... 10 44.5

EV-13, Strobe ... ... 9 40.0

Subtotal a. 2423 10778 2483 11044
(Total Payload on Carrier
Balloon)

plus Weight of Carrier +600 2669 +609 2708
Balloon

Subtotal b. 3023 13440 3092 13753
Gross Weight at Launch

X 110 percent 3325.3 14790 3401.2 15129
(10 percent Free Lift)
Gross Inflation

X 0.97 Correction Factor 3225.5 14347 3299.2 14675
- Corrected Gross Inflation j
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Table 3. ALBS Module Weights, Balloon Drop Test White Sands Missile Range,NM Jan 1978 (Estimated Weights vs Measured Weights)

Measured Weight

Estimated Weight at Launch
Item (lb) (N) (lb) (N)

1. 28-ft Drogue Chute 46 205 46 205

2. 200-ft Extension Line 36 160 36 160

3. Misc. Hardware on Line 20 89 24 107

4. Balloon and Associated 200 890
Hardware 230 1023

5. Balloon Pack and Linkage 20 s9

6. 42-ft Main Chute 125 556 130 578Assembled -

7. Simulated Comm. Relay 200* 890 200 890

8. Cryogenic Unit, Inpluding 1003 4461 1 07 9 "* 4799
Box and Liquid Helium

9. Recovery Chutes for 90 400 67 298
Cryo Unit

10. Ballast 30 133 0 0

1770 7873 1812 8060

* See para 5, 4.
I**ncludes three Layervs of Crushable Padding at Base.

5.4 The Simulated Tactical Communications Relay

The special ALBS balloon procured for this program (Figure 3) had been sized

to take a grosa load of 575 lb (2558N) to 70, 000 ft (21.34 km). This load was orig-

inally to be apportioned approximately as follows:

balloon and end fittings 200 lb BOON
tactical communications relay (dummy) 200 lb 890N
expetsdable ballast (30 lb 267N
recovery chute 35 lb 158N
TM/Control pack 80 lb 358N

575 lb 2558N

On thi: basis, the desired lift available from the cryogenic unit during the mid-

air Inflation was specified and fixed at approximately 633 lb (2813N). This would

allow the balloon to support its own weight (200 ib) plus 375 lb (1068N) of payload

and to have 10 percent excess lift to insure a normal rate or rise.
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As hardware was selected and assembled for the January flight, however, it

became necessary to revise the above apportionment drastically, For example,

the balloon, strobe light, EV-13 value, termination devices, end linkage and canvas
balloon contaLner -all of which had to be taken to altitude - totalled 230 lb (1023N)
thus reducing the available payload by 30 lb (133N). A further major reduction had

occurred earlier (see footnote * on page 14) as a result of the need to take the
hardware-laden 42-ft (12. 8 m) main chute to altitude. This chute's weight was
measured at 130 lb (578N) as opposed to the 35 lb (156N) originally allocated for

a recovery chute. The UHF/S-Band ALLBS TM/Control pack also weighed in above
the estimated value, 125 lb (558N) vs 80 lb (356N) estimated, These changes led

to a tentative new weight apportionment for the January flight:

balloon and attacled hardware 230 lb 1023N
42-ft main chute 130 lb 578N
TM/Control pack 125 lb 55ON
ballast 90 lb 400N

575 lb 2558N
It is clear that, even with the ballast eliminated, that there was no capacity

left for a separate 200-lb (890N) dummy communications relay, On the other hand,
it was not certain that the sophisticated TM/Control pack *' required for an

Research and Development flight would be needed operationally, at least as a
separate item, Thus, for this test, it was decided to "create" a 200-lb dummy

communications relay by adding 75 lb (334N) of ballast to the 125 lb (550N) TM/
Control pack and to fly tho following configuration:

CIncludes inflation tube, and 8-conductor cable,

The UHF/S-Band TM/Control pack was prepared for controlling the midair infla-
tion, release and subsequent flight profile, including termination, of the ALBS
balloon. It also telemetered to the ground station the outputs of sensitive accel-
erometers mounted on the ALBS module. Tables 4a and 4b list the commands
and telemetry characteristics respectively. The electronic components were
housed on removable rack-mounted panels. That assembly, in turn, was mounted
inside a rugged aluminum framework covered with styrofoam insulation and de-
signed to protect the pack against expected ALBS deployment shock loads and
subsequent cold-soak conditions at 70, 000 ft. Overall dimensions were approxi-
mately 25 X 24 X 28 in. (64 X i1 X 71 cm). Four (4) shoulder eyebolts 1/2 inf
dia, (0, 97'/ cm) were added, one to a corner, to facilitate removal or the pack from
the box above the cryogenic unit at the completion of the A LBS midair balloon
Inflation rocess. (Referring back to Figure 21, note that the TM/Control pack
is locate at the bottom of the interface box beneath the space previously occupied
by the packed balloon and packed 42-ft chute. When the balloon is full and ready
for ascent to float altitude, the lines securing the TM/Control pack are cut and it
slides upward out of the box and is taken to a'titude at the base of the collapsed
42-ft main chute. At the same time, 3 ea. T-10 chutes are deployed from the
bottom of the interface box to effect recovery of the box and cryogenic unit, The
42-ft main chute would serve as recovery chute for the simulated relay package
upon termination of the flight of the ALBS balloon. This consideration led to the
decision to cut the centerline, to insure reopening of the 42-ft chute.)
(Note: Continue footnotes ,, and t on page 58.)
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Table 4a. ALBS Telemetry Commands (UHF)

Command Command

1 . . . . . ... TM On 13 . ,. .. . 1.0 A, 30 V, Center

2 ....... T11 Off Line Cut

....... Cal, 14 ... ,. 10 A, 30 V, Infla-S. ...... .. tion Hose Cut
4 ....... .... 2.5 Cal. 15 ... 0 A, 30 V, Drop

5 ...... ..... 5.0 Cal. Cryogenics

6 . ....... Spare 16. .. . ... 2 A Ond, Closure

7 . .. . .. .. Spare Start Inflation

8.Spare 17,. . .. 2 A Ond, Closure8. SareSparPe

,18AddTime 1. Ballastai,10 . Beacon On 19 .. .. .. . .. Valve
i, •11BaonOf20 .. .. .. . .. Flight Termination

12 . 0 A , 30 V, D rogue 21 .... ... .. Flight Term ination
Chute Cut. . . . .

Table 4b, Air Launched Balloon Telemetry (S-Band)

PCM Word PCM Word
1 .. .... . Sig. Strength 1(6 .......... Accolerokneter No. 3
2. . . . . . . .. Temperature 17......... Accelerometer No. 4

S. .. .. ..... Summing Module 18. .. .. .. ..... Accelerometer No. I
4 .... 0-15 Psta 19 .......... Accelerometer No. 2
5 .,,, , 0,2 Psirx 20 .,.,.,.,Accelerometer No. 3

8. .......... Accelerometer No. 1 21 . . . .. Accelerometer No, 4
7 . .. Accelerometer No, 2 22......... Accelerometer No. I

.[ 8 ..... Acceleromueter No. 34 23 ......... Accelerometer No. 2

9 ...... .Spare 24 .Accelerometer No. 3
10 .. Spare 25 .. Accelerometer No. 4

12 ......... Accelerometer No. 4 27 ......... Accelerometer No. 2
:I13, 0=01 8 PBIR 28 ....... Accelerometer No. 3
i]14 ......... Accelerometer No. 1i 29 . , Accelerometer No. 41 ..3.......; Accelerometer No. 2
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balloon and attached hardware 230 lb 1023N
42-ft main chute attached hardware 130 lb 578N
misc. hardware 5 lb 22N
simulated comm. relay 200 lb 89ON

5(15 lb 2513N

The resultant gross load was kept 10 lb (44, 5N) under the planned gross of

575 lb (2558N) to allow for possible minor lift deficiencies in the midair inflation

process.

,.5 Te Ned to Reemlculate

5,5.1 GENERAL

The increase in the weight of the A LBS module discussed in paragraph 5. 3 cast

doubt on the continued validity of system deployment planning figures, which had
been calculated in the summer of 1977 on the basis of a 1520-lb ALLBS module
weight. Consequently, in November-December 1977, a new set of calculations
was carried out by the author.

5. 0, 2 MAIN CHUTE DEPLOYMENT SHOCK

The 7000-lb main chute deployment force calculated in Appendix C, paragraph
3.3. 3 (and verified by strain gauge measurements at the NPTIf), was the first

item checked, This force was recalculated, using the same method an before and
substituting a module weight value of 17(11 lb. The resulting force value was

8184 lb. Although the g force on the cryogenic unit remained essentially the same

tAn interesting design problern arose here in connstion with the TM/Control pack's
UndF antenna assembly. The antenna was a small stub arrangement located at the
end of a coaxial cable. It had to be kept in line of sight of the ground command
station at all times because certain commands (16, 20, 21) hadto be capable of
being carried out without question from the moment of launch, This meant that
the stub had to be located (in the early part of the flight) below the cryogenic unit
which otherwise would interfere with the reception of signals from the ground.
(Once the cryogenic unit was dropped, the antenna location was not critical. ) A
wooden chute was devised to solve the problem. It was attached to the cryogenic
unit an,I located under a hole in the large interface box (see Figure 21), The
styrofoam encased antenna would be at the base of this wooden chute, and, when
the time came to extract the TM/Control pack from the interface box the antenna
assembly would be drawn upward out of the chute to follow the TM/Control pack,

This kind of sophistication was needed in the January flight to meet FAA and
range safety requirements, It In likely that an operational version of the ALBS
would rely heavily on timers for Initiating specific functions, thus reducing Sys-
tem weight and complexity.

tAs ointed out in paragra h 5, 2.3,3 3, a different unit was used to control the flight
of the carrier bal con andto Initiate the drop of the ALBS from the 25, 000 ft alti-
tude. That unit was the standard Range Pack I1, with a back-up pack. It used HP
signals for command/Control and TM, The two packs were mounted on the load
bar of the carrier balloon (see Figure 27).
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(6g), the shock on the doughnut was increased from 21. Ig to 24. 2g. This figure

was communicated to the 6511th Test Squadron v'here assurance was given that

the balloon containment bag fabricated for the January test had been reinforced

and should be able to withstand the increased g load.

5.5.3 SEQUENCE OF EVENTS TABLE

Using the programs discussed in Appendices C and E (The Contracting Spring

Program (P-20), the Parachute Opening Program (P4U), the Balloon Extraction

Program P-13A, and the Balloon Inflation Program P-14B) recomputations were
accomplished for the completion tinmus, forces, and altitudes of the many steps in

:itthe A LBS deployment sequence. In general, the changes were not major. The
velocities and dynamic pressures were a little higher because of the added system

weight of course, but no change appeared capable of affecting the planned deploy-
ment significantly.

The revised figures were incorporated in the Rtange Requirements Document

(see paragraph 5. 2. 3) and are summarized in Table 5,
Note: Table 5 shows balloon inflation beginning at t0 + 28 eec, whereas para-

graph 5. 2.3.4 shows it beginning at t°0 + 35 see, With the later starting time,
inflation sequence altitudes on Table 5 (and on Table El in Appendix E) would be

reduced by approximately 330 ft.

5,6 fte.Lsunch Preparations

The week of 9 January 1976 was selected as the make-ready period for the

launch scheduled on Tuesday, 17 January. The goal was to have the assembled

payload, all vehicles, and all personnel at Truth or Consequences not later than

Saturday, January 14. This would allow two days (Sunday and Monday) for final

preparations, a period which would seem to eliminate the need for last minute

haste. It would also allow work to be terminated by noon on Monday to permit

personnel'rest prior to rising at 0100-0200 on Tuesday. This goal was met and

all was in readiness for the Tuesday launch. On Monday, the probable meteoro-

logical conditions for Tuesday were reviewed and found to be unfavorable for a

*The final assembly of the ALBS module required a maximum effort on the part of

the many people involved. The preparation of the 42-ft main chute was a very
time-consuming item. In addition to the tasks of attaching the electrical cable
and the inflation tubing assembly to the suspension lines, there was the new task
of Incorporationg in the 42-ft chute pack Tenney releases for severing the center-
line and for effecting cryogenic unit release at the end of inflation. This msk had
been planned on paper, but accomplishing it physically proved to be an arduous
chore, The packing of the balloon In the doughnut was more straightforward, but
the details at the top and bottom of the balloon, as seen in Figures 15 and 22,
required much time and patience, Perhaps the most difficult chore was the
(Continued on page 632)
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launch. A new launch date of Wedneaday. January 18 was established. That date

was subsequently changed to Thursday, January 19, because of another unfavorable

weather forecast. On Wednesday, the forecast for the following day was favorable,

and the Truth or Consequences personnel were told to initiate launch preparations

early Thursday morning,

5,7 Launch of the Curier Balloon

The launch crew was at the T or C launch site by 0145 on the morning of

19 January 1078 (scheduled launch time wai 0700). An hour later, the ALBS
module and all of the other flight components were hung on the load bar and the
latter was suspended from the crane to be used in the launch. (Allowing for 5 ft

(1. 2 m) of clearance under the payload, the distance from the ground to the
attachment point on the crane was approximately 30 ft (9. 14 m). ) (See Figure 27,)
Normal equipment checks and command checks were then carried out successfully.
The dewars of the cryogenic unit were filled (Figure 28). Gas computations were
made and checked for a gross load of 3092 lb (13. 753N) (see Table 2). Inflation
of the balloon was delayed somewhat, however, commencing at 0643, At 0704 word

was received at the Detachment I Control Center at Holloman AFB (the assigned

mission location of the author, as project officer) that the inflation had been inter-

rupted for a short period to repair a tear in the inflation tube, Inflation was com-

pleted at 0729, amidst comments from the launch crew that the balloon appeared to

have an abnormal shape (Figure 29), (Later analysis indicated that the unsymmet-

rical shape noted was normal for the 12ST balloon. ) Launch occurred at 0734. *

At first, the balloon started to rise normally, Then it settled down (Figure 30)

and the payload bumped along the ground, "Pour Ballast" commands were given

by the launch officer, After 45 sec of ballasting, at a rate of 34 lb (151N) per

assembly (for the first time) of the packed balloon and main chute to the cryogenic
unit superstructure along with the TM/Control Pack and the 3 T-10 recovery
chutes. This turned out to be a measure-and-cut operation, particularly with re-
spect to the installation of the many required restraining lines and deployment
lines. Figures 23-28 illustrate some of the assembly operations, The cryogenic
unit itself had come from Boulder preassembled and required only the addition of
a few minor components. The major task with respect to the cryogenic unit was
the filling of the dewars and the heating of the packed bed of aluminum oxide.
These tasks were accomplished at the T or C site. (See Appendix D, )

Cloud cover conditions had begun to deteriorate during the balloon inflation opera-
tion. As first light approached, it was reported that a high altitude overcast was
present over T or C, Conditions at the Balloon Control center were also worri-
some. There were two layers of broken clouds which threatened to reduce or
eliminate effective camera coverage of the release, However, as the sun rose
higher in the sky, the cloue. at Hoeloman began to dissipate. At 0730 the coverage
was 3-5 tenths of broken altocumulus clouds. The decision wan made to launch
anyway, even though photo coverage might be degraded. (The forecast for the
next day, which proved to be accurate, was for stormy conditions.)
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Fiigure 23. Ass embly or Components at Base of Balloon.

See Figure 15 for component identification

Figure 24. Assemnbly of Tenney 1Releauxes for Cutting
Centerline of 42-ft Main Chute and for Cryogenic Unit
Separationi. Note inflation tubing assembly at left
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Figure 2B5. Packing oF A LBA Balloon In Containment Bag
(Doughnut), Top of balloon Is at upper left

i

Figure 20. Attachment or Packed Balloon Containment
B3ag (Doughnut) to Packed 42-rt Main Chute Assembly
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Figure 27, AUBS Morule Sun pended From Carrier Balloon 1.,oad Bar. Other load
bar componantH rare: left to right, ballast hopper, C-hand tranmponder, 28-ft
drogue chute, range pack I1, back-up pack and ballrit hopper
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Fi~gure 28. Venting of Filled Cryogenic Unit

IT,

ff

F -ure 29. J.28-200-TT Carrier Balloon at Inflation
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IFigure 27. AIS Module Suspended From Carrier Balloon Load Bar, Other load
bar components are: left to right, ballast hopper, C-band transponder, 28-ft
drogue chute, range pack 11, back-up pack and ballast hopper
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Fiigure :30, A L1S Module and Loaed Bar Components Settling to Ground

minute, the balloon was still only 3 to 5 ft (0. 9 to 1. 2 m) off the ground. (Somec of
the glass beads being used as balla~t were actually falling Into the top of the A LBS
module and, thusi, not reducing the gross load, ) The balloon and payload were now
drifting eastward, (There was no commiunication back to the Balloon Control
Center during this crisig. ) The launch officer, suspecting that lie had a leaking
balloon, and fearing that the payload would be carried down Into a deep gulley at
the edge of the T or C airport, or might even be carried over to Interstate Highway
2ri to thec' east, commanded that the flight be terminated via the HF comma~nd chan-
nel. This cauimed s double action to occurt

(1) The residual ballast (approxima~tely 175 lb (778N)) was dumped all at once,
4 rogtoring positive ibuoyanvy to the carrier hallo~on which began to rise quickiy.

(2) Twenty tsec lutpr, the ('orvier balloon and the unopened in-line 100 ft dip

(30. 5 ni) saitety parachute were separated at the apex or the parachute.

The A LlS module was- approximately 70 ft (21. 3 ml) off the ground when separa-
tion occurred. There wag Insufficient time or gpace for the 100-ft chute to be
effective and the A LBS module essentially fell freely to the ground. The conipres-

Aive loading of 17 to 20g was too much for the vertical support members of the
cryogenic unit, and they buckled under the weights of the loaded superstructure

(approximately 850 lb (3789N)) and the load bar (app~roximately 375 lb (1668N)).
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Figure 31 shows the damage to the cryogenic unit. The dewars were crushed so
badly that they had to be scrapped,

*.1"

Figure 31. Crushed AL.BS Cryogenic Unit

Prior to the launch, the matter of cryogenic safety had been discussed at great
length. Although the unit was equipped with a pressure relief valve (70 psi), a
remote possibility existed that the valve c'ould be made inoperative In a crash it
the unit landed in a certain way. In that condition, the dewar tanks (it they had
remained intact) would explode when the temperature raised the internal pressure
above the design pressure (250 psi). To eliminate this possible hazard, the de-
cision was made that the cryogenic unit would be activated not only in the event of

* ~a success ful deployment of the system at altitude, but also in all cases of failure,
The idea was to have the cryogenic unit land fully discharged. In the incident just

.1 described, the "Start Cryogenic Unit" command was not given. It would not have
been effective even If it had been given, however, because full dischare requires

5min and, in this case, the unit was on the ground about 23 sec after th termina-
lion command was given. The crash ruptured the dewar connections and thej helium vented off through the broken lines for about 50 nin after impact, All

* personnel stayed clear until venting had stopped.
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The load bar was badly bent, but the components hung from it were salvage-

able (Figure 32). The cryogenic unit superstructure was moderately damaged but

repairable, The components mounted inside the superstructure (42-ft main chute,

balloon, TM pack, T-10 recovery chutes) survived surprisingly well and in many

cases suffered no apparent damage,

It was later determined that the balloon was not leaking at the time of launch.

It had simply been underinflated. The probable cause of the failure was human

error - failure to open the prescribed number of tubes on the helium trailer, a

failure which, unfortunately, went undetected. A lift check at the launch arm in-

dicated underinflation, but this sign was not acted on effectively because of known

tx' calibration problems with the scale in question,

It ts ironic that the ALBS module was destroyed in this way. Had this type of

launch failure (very rare) been anticipated, a simple contingency plan would have

been rehearsed and made ready for use: Exercise the HF "Experiment Drop"

command while the A.LBS module is on or just above ground level. (This would

have left the module on the ground, while the balloon and load bar rose.) Alter-
natively, it the launch officer had known that he had an underinflated balloon,

rather than a "leaker" as he supposed, he could have continued to ballast at the

I,, regular rate or even have dumped all the ballast by the "Blow Ballast" command,

This would have allowed the flight to be conducted pretty much as planned (without

the controls normally afforded by ballasting), or at least to have been terminated

in such a way that the unit would come down on the 100-ft chute with empty dewars,

5.8 Impalt of the Launch Failure

The unexpected and catastrophic loss of the one-of-a-kind cryogenic unit had

a severe impact on the ALBS program. It closed out the current flight test series

abruptly, leaving many questions unanswered, All milestones, subsequent to the
January fight teat date, had to be cancelled, pending the making up of a new plan

of action.

As of the date of this report, plans have been made to develop a "hardened"
follow-on ALES module suitable for an aircraft drop. The details of the reviaed

system configuration will be the subject of another report.

i ' i " i • ' i ii iii



VI.

p ~Figure 32. Benit Load Bar Atop A"BS Module
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6. SUMMARY AND CONCLUSIONS

This report has described the preparations for and the results of the sucoess.-ful A LBS parachute subsystem qualification testa at the National Parachute Test
lRange in 1977. It has given the details of the complicated configuration selected

for the live drop teat of the complete ALBS prototype over the White Sands Missile
fRange in January 1978. The events leading up to the WSMR test are related, and
the unfortunate launch incident which led to destruction of the A LES prototype is
recounted, Computations and analyses in connection with various aspects of the
flight test program are given in the Appendices to this report,

- . It is the author's c:onclusion that much useful knowledge relevant to the stated
goal of the ALES program has been acquired in the testing accomplished to date.

*. Not all of the questions were answered (coning problem, midair inflation, system
e effectiveness, etc. ) but on the other hand, there were no indications that the
original goals cannot be met with continued development and testing,

; I
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Appendix A

Load Extraction Forces Computations

1. INTRODUCTION

The method for, determining the deceleration or drag rorces generated during
the extraction of the A 1ES tes~t vehicle from the C-130 delivery aircraft Is that
employed by the 852,lth Test Squadron, AF~rTC tar Incompressible flow, It is

described In AFFT'C-Tuvl-75-5. 1The author (it that technical memorandum,
Mr. Herbert Seaman, was mast holpfMu in explaining hiii method and his assistance
in gratefully acknowledged.

This mothod does not take line stretch forces into account. They are consider-
ably leis than the extruction chute opening forcers, arnd can usually be Ignored, In

the case ot tne A LLS test vehiv'le extraction, howevei , 'hie line 4tretch " impulse"
in believed to have led to the failure of teaht number 14 (see paragraph 4 .15, main
text). Thus, any future uerial extractions ot the ALBS module will have to be
planned with careful consideration given to the effect of this Impulse on first stage
component survivability.

The reader is asked to refer to paragraph 4. 15, main text, where the normal
load extraction sequence io described. The discuss ion which follows assumes that
the ALBS 200-ft drogue extension line in hully extended and taut and that the
unopened 28-ft rhinj-oil drogue chute has just been extracted, line. first, tram Its

1. Seaman, 11. (1975) Decieleratinn System Trajectory Equations, AFFTTC-TIM-
753-5.

75

4PAN

--- -~ ----.........

... ....... .. . . .



deployment bag. This in the starting point, to, of the buildup of deceleration
4 forces, which reach a peak shortly before the extraction chute is fully open.

(Figure 19, main text, shows the fully open extraction chute and the load juit after
being pulled off the ramp of the C-130.)

Before any calculations are made the basic equations involved will be pre-
sented and the rationale behind the program developed to assist in the calculations
will be explained,

Note: The Seaman memorandum' covers compressibility effects and drag
coefficient variations with speed. These effects are very pronounced as the speed
approaches Mach I. At the ALBS extraction speeds (0, 32 M), however, these

I effects will be ignored in the calculations.

2. BASIC EQUATIONS

Note, The material In this section was obtained from AFFTC-TIM-75-5, I

2.1 Definition of Term

T Temperature, Absolute, Degrees Rlankine (OR)

TO Temperature, Absolute, at H -- 0 (Standard - 518. (688 OR)

P Pressure, lb ft" 2

Po Pressure at - - 0 (Standard , 2116..21(6 Ib ft" 2)

.1 p Density, Atmospheric, Ib sec2 ft 4

P0  Density at 1. - 0 (Standard :z 0. 00237(19 lb sec 2 ft"-4

9g Gravitationel Constant - 32, 17405 ft sec"2

H1 (as Constant for Dry.Air 1710.(5 ft2 sece 2 it'l

a Temperature Lapse Rate (Standard 0. 0035(6616 OR ft'l)

n Dimensionless Exponent (Standard 5, 256I)

CD Dimensionless Drag Coefficient

SS Area t 2

W Weight Ib

q Dynamic Pressure lb ft- 2

D Drag lb

V Velocity ft seca1

V1•



Vx Speed, Horizontal ft sec'l

Vy Speed, Vertical ft see'I (up is positive)

t Time sec

H Altitude ft

m Mass - Wg

CDS Drag Area Ft2

2.2 Derivation of Equations

2.2.1 BASIC EQUATION

Newton's second law of motion states that the acceleration of a body in propor-

tional to the force exerted on the body, and inversely proportional to the mass of
the body (a F/m). The drag force (D) on an aerodynamic deceleration system is

the product or dynamic pressure (q) and the drag area (CDS) where

D - qC DS .(A 1)

The drag force is opposite in direction to the velocity and can be conveniently
sieparateo4 into orthogonal coordinates. The acceleration In the horbiontal plane in
&Vx/4t, and in the vertical plane is (6V /At + g). Using Newton's second law and
Eq. (A I), and referencing the Following diagram, the drag force can be expressed

as:

vVy VELOCITY VECTORS

VX

&V /At (6V /.t + g)
D c D - = -- m sin (A2)

For the purposes of this memorandum, g (acceleration due to gravity at a point) is
considered equivalent to 0 (gravitational constant). Mass can be expressed in

terms of weight and the acceleration due to gravity:
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From the previous diagrami

V,
coo V (M4)

V

sint3--.4 . (A 5)

Substituting WA), (M4), and (A5) in (A2) and rearranging terms results in the basic
trajectory equations:

qCDS g
AV -- -v, At (A 6)

AV *DS gVyAt g At(A7

A step-by-step determination of distances and speeds can be calculated for sequen-
tial positions separated by time:

xi X 0 + At (V X+ ) Ce AB6)

V +V AtV +I (All))
1 0 0

V x 2VX 4AVx, (All0)

vyl YO+AVy(1)

Note that the term gqfV appears in (AM) and (A7). The following are standard
relatitons hips:i

q P V2  (Al12)
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r

P~nnI
P •PO (' oe/t2 (A 13)

O reo 2 (A 14)

Substituting (A12), (A13), and (A14) into the common term gq/V results int

(To - aH)-'t V (A15)2Tn
0V

Set

K !0-2 (standard day K 1. 06556 X l0'13)
2T0

Then

W K(T 0 - RH)n' V . (A16)

Substituting (AIl) in (A6) and (AW) regults in:

V•- -- K(T0 -al)n! VV t (AVa)

C S

'Vy , aH)n' 1 VV

It is seen that for the general came, the terms CDS, W, K, To, a, n, At, and g are
constants. The variables are H, V., and V y. Theme forms of the equations, with
(AS), (AW), (At0), and (All), lend themselves very well for use in programmable
calculators. However, it should be noted that the use of (A13) limits these equa-
tions to altitudes below the stratosphere (H < 3609 fit), Also, the use of (A12)
limits their use to incompressible flow.

2. Starndaird Atmosphere - Tables and Data for Altitudes to 65, 800 ft (1955)
National Advisory Committee for Aeronautics, Report No, 1235,
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8. PROGRAM DEVELOPMENT

To develop a workable deceleration trajectory program for desk top or hand-

held calculators one must resort to iterative techniques, Seaman's Eqs. (As)

through (Al l) are ideally suited to this method of calculation, in that they generate
successive new values of the variable parameters from a knowledge of the previous
values and of the incremental changes in those values over a specified short time

interval, bt. The changes, of course, are derived from Eqs. (AGa) and (AWa).
Thus, If one knows the initial valued of the three specified variables, V.

Vyo, and Ho, one can readily calculate (via appropriate programming) the vatues

V, Y VY, and H1 for the moment when t m t + At. The new values are then used

in 'qs. (Aia) and (A~a) to develop the changes in horizontal and vertical velocity
over a 2nd identical time interval. From these changes the program generates

still another set of Vx, Vy and H values (Vx , Vy, H2 ). This process is repeated

until the parachute is fully open and peak exfraction forces have been developed.
Thus far we have discussed only the three variables V , Vy, and H. Actually

there are several more variables involvedt q, V, p, S, x, and of course, D, the
deceleration force which we are trying to dotermine,

lReferring back tu Eq. (Al) we see that D - qCDS, that is, the deceleration

force (drag) is the product of the dynamic pressure, q, and the effective drag area,
CDs, CD is assumed constant here but S, the parachute area, is a function of the
degree to which the chute has opened. The area, S, is assumed to increase

linearly from a value of 0, when t - to, to a maximum value, So, * when t - t

(tf - parachute opening time). It must be understood, therefore, that the value of
the term 8 in Eqs. (Afa) and (Aa) is the instantaneous value, Si, as determined
by multiplying the term SO by the ratio of the elapoed time to the parachute opening
time, that in.s .t so . t/if.

The opening time, t1, of the extraction chute is generally ,anown from previous

experience. (For the 28-ft ring slot chute, t to assumed to be about 0. 7 sac).

The elapsed time, t, is calculated by summing the time intervals since time zero.
For example, ift t u A..05 sac, at the end of the 4th interval the elapsed time
would be 4 X 0. 05 or 0. 2 sac, and the parachute would be 2/7th. open.

The other variable in Eq. (Al) is q, dynamic pressure, which, in turn, is a
function nf atmospheric density, p, And the square of the total velocity vector, V

(see Eq. (A12)). Both p and V are variables. Changes in p are accounted foe' by
assuming a standard atmospheree* and substituting newly generated values of H in
*The maximum parachute area iq. known as the reference area, S . This area is
found from the equation So V nDA/4, where D ih the nominal dia, ter of the
parachute, 0 w

*k*AFFTC-TIM-75-5 contains a method for relating actual or "test day" atmospheric
conditions to the standard atmosphere, If so required.
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Eq. (A6a) and (A7a) before each use. Changes in V &re accounted for by tinding

the new values of Vx and V as explained above and using them to get a new value
of V through the relationsh~pI V • ÷ V2 . The new values of V so derived

are used each time Eqs, (Aa) and (A7a) are solved.

Although "q" does not appear in Eqs. (AWa) and (AMa), it is customary to in-

elude dynamic pressure in the printout of the trajectory calculations so that the

solution of Eq. (Al) is carried out by the program for each iteration, X, the horn-

zontal distance traveled by tne system, ts solved by Eq. (AS) and the cumulativeI values of X are also printed out.

Figure Al is a flow diagram of the program developed by the author to perform

the trajectory computations on the calculators available to him,

4. FORCE CALCULATIONS

The aircraft velocity at time of release is established by the flight plan, This
is taken fs V, the total velocity, and, at release, V V. V, V . 0 at this point.

Altitude, He, is also known from the test plan, Thus, it we assume that 'he air-

craft is at 35, 000 ft, e. a. s. , 130 kt, we have established Vx at 130/4/.,448(1 )
0S1. 089 or 327. 8 f/see (99, 92 m/sec), where p /p or o for 25, 000 ft a 0. 448,

With Vx, VYV , and I1, known, and with tf and at established at 0. 7 sec and
00.05 see respectively, we can now use our program to calculate the deceleration

j forces involved for a 28-ft ring slot extraction chute, (CD - 0, 55.) The total sye-
tern weight will be taken at 1520 lb. The results are printed below in Table Al.
Note that the maximum force, 9813, 74 lb, occurs when t - 0. 0 sec,

Table A2 shows the forces generated by the 32-ft ring slot parachute with the

saies opening time and airspeed. The system weight and height have been changed

to 1510 lb and 10, 000 ft, respectively. It can be seen that the calculated decelera-
*1 ) tion force for the 32-ft chute is slightly higher than that for the 28-ft chute, despite

* '. the difference in altitude, Normally, the deceleration force decreases with a do-
crease In altitude. For example, the maximum force for the 28-ft chute at

* 10, 000 It all other conditions unchanged, is about 8700 lb,

* i



Table Al. Trajectory Calculations, 28-ft Ring Slot Drogue Chute

t(Is t/lr x )11 vlr mi Vlfl ,t/A,) v mirtm II11 ()ft) C1111 M pil Flbll2ara,

.00 0 0 0 3 27., 2 327, 82 28,000 0 57,.30

n00 .0714 10.3 654 1 .0 :12 7. 2 :327,82 2f, 000 24. 19o 5.30 1:18.07 1)(, 28 it

,t0 . 1420 :12,590 - :|,203 .211.31 : 12 (211, :11 240909. 0 48.38 i 0. 70 2747.40
,I ,2143 4811.11W - 4.1769 323..45 :123, 411 249119.,64 72,5 " 5.7) 4048. 50 CL D .5

S20 21.81 (14. 484 -. 205 :110, 17 :1 9, 20 2 42400 , 114 Bi l, 7011 54, 3:3 125 .. 77

a 3 1 .20 1 80.00 - ,t7111) 3ll. ( 1 3 :,17 24999, III 120, 05 02, 4 :14,(4. 3:2

,to I42811 00, 14n D. 183 3SC. 10 307., 00 240109.01 145, 14 50,25 7"1UO, U17 W 1520 lb

r :I3 .00 10)1, 80. .10. 5128 299. 111 20D. 13 24980, 059 1 RI0, 1:1 47, '10 110110. U4

.40 ,114 124, 117 -11. 80:1 290,64 2110. 0:1 24990, 10 I193. 52 45, 10 8728.20B

.4, I 114211 1:31, 025 -:3. 004 2N1.42 281, (17 240101, 54 211,771 42.3to 91210.11, I r 0.7 m

,.00 ,714:1 1•1, :157 -14, 1:30 271.11) 272.00 31491111. 02 241,0 to. 45 9154:3,084

50115 71MI7 104. 1 1 . •15, 1111: 2101.111 21111.119 24 Will, 24 21111, 19. 1, 110 ( 1. II(0 1 73

.lio 8571 1,• . 48H -10l, i17 251. :13 201.701 24095,.51 29U3, 3 33::.811 0191:3.74 VIEAM 1:1081
,11.1 121111 18t8, 279 -17LI, 0: 240,97 241,1A1 24014M.172 :114.41 :11. 11 0"111.,H2

.L 0 1,0 15O0,1 -171,03"7 2:15.01 2:11.29 24911,I1111) '1:U8. a11 21I. I:1 1)0111, 0

.Table A2. Trajectory Calculations, 32-ft Ring Slot Drogue Chute

1: (0) t/itr .XI tin V - ft f4) lf!/ ) v (D./4) Iitfro CIWl)•lt ql(porf 1) I~bt) Iletmark,1

jODl 0 0 0oP .1.4( 20 , 41(1 10,00 0 57.o30 0
"1,o n.0714 2 7M4 I . 11011- 2 12. 4 t, 46.1,0. 4l '110 :tin ./ 30 :1 1•o10,3 ]) 32 rI

to0 1429l :,'~l ! ll 2:I [.13 2'03. •Iq 9h1111l, 01 l', 1 l• 11) , 44 :IVili, 49
I 2141 7. 1 4.711 1 201. ?1 ?4411. 7 ) , 4.11) .4,11 111|,41 C114 .1 1

I.20 ,• ý: 7 P, 111! 49 . 204 244. 2 1 244, 2; O '!). 114 - ,12 l : h 112. 31I Hit 21,, 4 1
'. 2. . 1,7/ , . I .7 "',W 217. 1I , 1' 2 .* I P 7) I t . 1'l7 .151. 111 411.42 7 0O7, 44

o 1i , It . " - , It. It- ,- , 2 2 11. 11,; 2 11. "'N I '''•' (12 I ll . 57 4 'I. 0 4 117 2 ", 8 4 V 15 10 Ib

.40I i "Il 11.28(0 1(U. tool .I !l. ",T IIll. 71, 0"l1K, 'it 221, )7 42.40 118:1 , 2o1
40 7 .5114 . '.. o1(I [ I. '21111 •211., MiI ýU1 84 Il'0 1, 14 2:.2. 7-' : 8. 17 '77 3. 2.

"4 11'A 2, 1, 1. P-,; -1, . 21 : 14.21 I99. 21 ' S 11017,.ll} 2I94. l 'Ii 14, Ill 1'940,41 tr 0.7

i2 I ;ll 2,4 I' ;,) II |~ 1 . 12.' I 11 0 W01.i .. 11 14" r, . 711. l 1.A 130 WIl

11" lm 1.~ 0''4' 1 . 1 - I i. 2 7

t' 1. .• ] -1 , , ." 1,111..17 1411. 1T] 4.211 4 214', "p,4. I 02.ll'I
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"MOP
"T._ ntul o.0 (ASiL) I-n (@_6.~ 02

2. Enter 518 688 (Ta) in Reg. 16 Record
Registers (Initial coaditione

3. Enter 0035616 (a) in Reg. 17 00, 01, 06, 1 t -to)

4, Enter 32.174 (j) in ROB. 21 1 ".-.

S. Enter 1 065,i'
1 3

(k) iln Reg. 20 S111.

-.- E.terea 1. SUIM Reg 0 to Rog. 05, multiply by Res. 106: -. Enter 0011885 (2j) in Rog. 18

7. linter 4,2561 (n-1) in Rog. 19 STORE In Rol. 07

8 1iter 28 t(110) in Reg. O 2, Sum Res, 3 to RIg, 06 (H - MI)

1). l:iter .SS (C in Keg. 017 3, SURR 109O (Compute a)

III, %t'or 1ol, 12.+ to IR, I0, divido 4, Using contentsat Reg. 19, 184 and 01

hy Reg, I) (At/it ., Comput . .o . ,0OlaaS V2)

it. I1:1. Ilvg IfI i , () nmllte: STORE in Reg. 00

(o .. 1- I 5, M4JLTIPLY hy Reg. 07

'1, halt iply h1 Iy igl. D7 ( ,* q CA)

Store C:11 a It. STORE in ROg. 04

13, S11 1111 it)III (to L'lt "). 6, Using contents of Reog. 0,, 03, 20, 22,
19, 0!, L02, Computt (-8)

1-, tomlitt, '1 , mulltlpi' I)y (-R) .. *D -W IH)11.Il~e III ieid h1Y I -T l V T6
Ix l .. ,.••.L• \ STORE in Rll g 1_

I * 1. Multiply .-'I)by flo, 12

• yx . (-)Vx
• ,1' 11 in0 Reg, I)1 4 12

fSTORB in Reg. 11IS. tie 11 n•nonltent 01' t0g, IS, I8 and
IIl k'omputol . Using contents of Rlg, is, 24, 21, 02,

* - .111)1 Ill 1 V~ 2~) Ccomput er

S111l! in Reg. o[ilAV (-V1 I ,'A

II. linlter il Inl Rog 01, 09, I1, 13 STORE in Reg. 23
lued 2. Using contents of get, 11, 12, 02, 09,

c+'o mpu te :
- ~AV

stihS| IIIIII XI "(X 0 2tY o )

I. Jig 'ontentn of Reg 17, Oif a STORI In' Reg. DO
Ih, vomputo t l -all) 10, Using cmitenta of Rog. 23, 24, 02,

Stole Ill eg. 2.121. IS computeA

U, sinJlg contellt. of Reg, 1, It, .Ay. At VV -yl 0 .2

""ld I STORE in Reg. 1)(1 NOT$ 1)

""~ ( ) .e II, Using contents of Reg. 23 1 34 eompitel

"vyI " •'y )4+C"A '
Store In t eg. Ii I., ) 1o y

STORE in Reg, 34 and 14

T-A

RUTINN
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Registers (Outputs foriin 0. 01, 04. 0, .5,.0 .15Su.)

::- • UOR 1001 (CON0T)

12. Rum Rog, 11 to Rio. 12
(V0 V (-AV))

13. Usinj contents of Rag. 14 1 12 cosput 00 28 Do(it) q

V1  r . a * BEA(kt) Vo, V , ..., (fps)V I 
V

STORe n Rag, 01 02 .05 •t (a) n/c

S14. SUBR 1001 03 w (I1,) n/c

04 1t W() *Dt F ' D (lbf)

05 D ItA

116 * t Ut) HI, H2 , , . (ft)

07 ,S C05i (ft
2)

a -- *At/

09 0 x~l X , ''' (It)

in -- Cn8o (ft
2)

II 0 -AVx (fps)

12 V V1  V ,... , (fps)

13 0 (,AH) (ft)

14 -- WORKING

Is WORKING

16 S76,688 T (OR) n/c

17 0(035616 a /ft) n/

15 .'0011885 OMN (eut/tlf/

19 4.2s61 n-I n/c

20 L,0(1565a 10"13 k n/c
21 (.l,,, 2 n/.

NUTE It This equation wts used instead of Seaman's equation
(9) to generate neow values of H. 22 " (To0-H) (0k)
(H N . AM " • 2ii - III " A1121 etc,)(H 23 (.6v y) (fps)

NOTE 2: This program is normally run until t/tf - 1.0. 24 D (V Y) (-Vy ) ifps)

t iere COSi. C0S0 . If program is run beyond thi s - - -

point, e.g., to point where system it vortical, *Variable manual input (all other inputs ero entered by progrsm)
step I of SUBR 1001 is omitted and FD Is ubtained '"

by multiplying q by CDSol

Figure Al. Trajectory Program Flow Diagram
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Appendix B

Determination of the Minimum Dreg Foroe Needed to Allow the
Drogue Chute to Extrymt the Pecked Balloon from Its Container

at the Apex of the Main Pareahute

1. CONIITION*

T'he descee.iing drogue and.mnin chutes are both open and connected to each

other by the 200-ft drogue extension line, The packed balloon rides at the apex of

the main chute, The payload and sinulated cryogenic unit are at the base of that

chute. Extr-.'tion co mences when the dr'ogue is detached from the main chute
and pulla on the balloon instead.

2. KATION,%I,E, (SUMMARIZEDI FROM AF(;I,.TR.76.0196),I

(a) The totnl weight which the droguc must support at the ezd of the balloon

"Wxtractio . 4tep (stage 3) is the sum of the weights or the drogue chute itself, the

200-ft extension line, the miscellaneous hardware attached to that line, the fully-

extended brtlloon and its end rittings (items I through 4 on Figure C5, in Appe,.dix C).

V(The remaining weight of the suspended system is borne by the main chute. )
(b) The minimnum drag required of the drogue chute I1 equal to the total weight

6,upported by it at the end or the extraction, plus a reasonable safety margin, for

SSee paragrnphq 3,2,3 and 3. 2. 6 main tex

.i Cnrten A S. Jr. (10)7I0 The Fl•ht Test Aspects or the Air-launched Balloon!2.te ! Dyorlop[ment P •_•d , AFU'[1,-TR-".00l
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example, 60C lbf (267N). It the drogus cannot generate this minimum value of drag,
it .should not be used.

(e) Although, the drag produced by the drogue chute it sharply degraded at the

start of the balloon extraction (see Appendix C), it increases steadily as the balloon

to pulled out of its container, The drag is at a maximum when the balloon is fully

out and taut. At this point, the two parachutes (drogue and main, separated by the

200-ft drogue .:ztension line tind the 102-ft long balloon) are assumed to be acting

as a single system. The actual drag of the drogue can then be computed on the

following basis i
The maximum drag produced by the drogue equals the system drag at equi-

librium velocity (see paragraph (e) and (f) below) times the ratio of the drogue drag

area to the total system drag area, that is, to the sum of the drag areas of the

main chute and the drogue chute.

(d) The resulting value of drag is the one selected to conmpare against the

minimum drag requirement specified in paragraph (b) above. If too low, a new

drogue chute must be selected. (See section 133 for actual calculations,)

(e) System drag, at equilibrium velocity, is equal to the total system weight.

(f) System equilibrium velocity (VeH) at a given altitude is determined from
"the formulas

l 1/2

Vei .H (CDSo)max

where

W - total system weight,

pmsl z: sea level density,

II0. 002378 slugs/ft3 (1. 225 kg/m3),

OH density ratio for altitude H,

(C SD) 0max - maximum system drag area or effective area (see paragraphs
(h) and (M).

(g) Dynamic pressure at altitude H, q H, is determined from the equation:

qH EP H• o H' el

(h) CD (coefficient of drag) for a ring slot chute is taken as 0. 55, For a ring

sail chute, it is taken as 0,78. C D for the system or "array" is calculated from

the formula
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(C S + (C S)D Drogue Do0 Main
A " 8 olMain + oDrogue

ID
2

0
(i) So ' reference area of a parachute

where

Do the nominal diameter of the chute,

3. CALCULATIONS

(a) Total weight supported by the 32-ft drogue (at the end of the balloon

extraction) (see Section 2):

Item

32-ft (9. 75-rn) lightweight drogue 36 lb (1l0N)

200-ft (81-m) extension line 36 lb (10N)

nmisc. hardware 20 lb (89N)

balloon and end fittings 200 lb (ON.

Total Weight 292 lb (1299N)

(b) Minimum drag requirement: Let the "reasonable safety margin" be 60 lb

(267N). Then, minimum drag requirement 2 292 lb + 60 lb " 352 lb (1506N).

(c) Let the total system weight, as determined from weight measurements of

the test vehicle components, be 1510 lb (0716. 5N).

(d) Assume that the system (array) Is at 0200 ft (2804 m) when the balloon

extraction takes place (r 0, 757'32).

(e) Using a desk computer program based on the rationale expressed above,

the following results (Table DI) were obtained for the 32-ft drogue/42-ft main

chute combination. (See Table B2 for the 28-ft drogue/42-ft main chute combina-
tion,

to) Note that q in Table fl is Just within the upper limit of the range specified

(0. 5-1. 0 paf, 23, 94-47.88 N/rn2 ) and that the maximum drag of the drogue 438. 57 lb

(1951N) is well above the mininumn value required (352 lb, 1566N), thus Insuring a

strong rapid extraction of the balloon.

(g) Table B2 shows corresponding values for the 28-ft ring slot drogue and

42-ft ring oall main chute combiOiation. The system weight has been charged to

1520 lb (0761N) to allow for the increase in weight of the 28-ft parachute. The

87

".... ......... .... ,; .



Table Bi. Area, Drag and Dynamic Prossure (q) Values for the 32-ft Ring Slot
Drogue and 42-ft Ring Sail Main Chute Combination

Reference Drag Area
Parachute Type Dia. CD Area (S4) (CDSo)

Drogue fling Slot 32 ft 0. 55 804. 248 ft2  44,. 330 ft2

0. 71 m 74.72 r 2 41.09 m 2

Main Ring Slot 42 ft 0, 78 1385.44 ft 2  1080. 65 ft 2

12,8 m 128.71 m2  100.4 m

Array ... 152.8 ft 0. (1055 2189, 119* ftt 152. 98* ftt

6 1(,11 m 203,43 12 141.40 m 2

I .___ ___ __,

Drag of Drogue at Equilibriunj Velocity 438, 57 lb (1051 N)

Dragof Main Chute at Equilibrium Velocity 1071, 43 lb (476B1 N)

Total Drag at Equilibrium Velocity 1510 lb ((1716, 5 N)

Equilibrium Velocity (WeH) 33, 18 fpa (U1, 11 m/r ec)

2
Dynamic Pressure (q) fig916 ps f (47,47 N/m)

*Theoretical, based on assumption Hint the two chiutes behave as one conposite

chute,

minimum drag required of the drogue hns also been increased by 10 lb (44. 5N) to

3 062 lb (IHI ON). (Note that the calculated drag of the drogue is almost exactly

equal to the required drag, while the calculated dynamic pressure falls slightly

outside the specified range.)

I
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Table B2, Area, Drag and q Values for the 28-ft Ring Slot Drogue Chute and
42-ft Ring Sail Main Chute Combination

System Weight 1520 lb (6761 N) Altitude - 9200 ft (2804 N)
& .75732

Minimum Required Drag (Drogue) * 362 lb (1610 N)

Reference Drag Area
Parachute Type Dia CD Area (So) (CDSo)

Drogue Ring Slot 26 Ft 0.55 615, 752 ft 2  338,664 ft2

8, 52 m 57.21 m2 31,46 m2

Main Ring Sail 42 It 0,.78 1385. 442 ft 1080. 645 ft2
12. m 12.7 m2 100 4 m2

Array 50.48 ft 0,709* 2001,10 ft2  1419.30D ft 2

15 3 185. 92 m3 131,B86 m•

Dynamic Pressure, q, 1. 071 paf (51.28 N/mn

Equilibrium Velocity, VeH - 34.49 ft/sec (10. 51 in/sec)

Drag of Drogue at Ve . 362. 00 lb (1613,2 N)

Drag of Main Chute at VeH u 1157,31 lb (5147. 7 N)

Drag of Array at Ve, x 1520 lb (6761 N)

NOTE: The drag of the drogue and the drag of the main chute will remain
constant, regardless of the attitude (0-25, 000 ft) provided that the
calculation in made at equilibrium velocity. Drag is a function of
dynamic pressure and efrective drag area. Under equilibrium con-

Stions, both are essentinlly constant,

*Theuretical
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Appendix C

Main Parsohute Deployment and Balloon Extraction Calculatlons

1. INTRODUCTION

The report entitled "The Flight Test Aspects of the Air-Launched Balloon

System (ALBS) Development Program" I contains nalculations associated with the
main parachute deployment and balloon extraction events, as initially conceived,

However, the addendum to that report states that both thu original parachute sizes
and the distribution of weight on the main parachute were subsequently altered,
invalidating some of the report's computational data. It further states that new,
unpublished computations were carried out to predict the performance of the
changed configuration. Those later computations, updated, are summarized now
in this appendix, along with comparisons with actual test results.

In recomputing parachute performance data, the %uthor became concerned
about one heretofore neglected aspect of drogue parachute behavior, the phenom-

"- anon which he has called the "contracting spring problem." A fairly extensive

mathematical treatment of the phenomenon was accomplished, in anticipation of
possible adverse effects, and the calculations are summarized in this appendix.

1. Carton, A. 8,, Jr. (1076) The Flighi Test Aspects of the Air..Launchd Balloon

Syateim. DRe .opant r 'L-TH-76-0196.
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2. THE CONTRACTING SPRING PROBLEM, GENERAL CONSIDERATIONS

The contracting spring problem derives from the fact that the ALBS module,
just prior to main chute deployment, is a large body or mass on the end of a long

stretchable line the upper end of which is secured to the drogue chute. At main
chute deployment, this body separates into two bodies, one of which is about three

times as heavy as the other. The heavier body falls freely for a short time, while
the lighter body - still attached to the long line - behaves as part of a typical spring-
mass system; that is, it rises as the line recoils to its original unstretched length.

As this happens, the drogue chute is drastically unloaded.

The author's initial concern was whether this unloading would collapse or
destabilize the drogue chute, possibly preventing opening of the main chute. To

answer this question, the duration of the unloading period had to be established.

The discussion of section 3. 2 in directed to determining that duration. Lt Gregory
A. Vayda of the Aerospace Instrumentation Division assisted in the analysis of the
problem 2 and him help is deeply appreciated. (As it turned out later, in actual
flights, drogue chute stability was not degraded, The principal effect of the phe-

nomenon was that the balloon containment bag (doughnut) was subjected to a much-
larger-than-anticipated shock-force and had to be reinforced (see paragraph 3.3.3

and 4. 7, main text).

3. MAIN (I!UTE I)KPI.YMENT EVENT 3a

3,1 Descriptlve Model

Fi~gure Cl depicts a model of the system just prior to main parachute deploy-
ment. At deployment, the WI, cluster of itemns statrts to rail away from the W.
cluster. In reality this is the cryogenic unit and payload rflling away from the

packed balloon and the apex of tht. main 42-ft chute, dragging down with them both
the suspension lines and the heavy centerline of the 42-ft chute. The free tall ends
when the 5IU-rt vuntorline becomes taut, (This line is, by design, shorter than the

susponeson lines, tallowing thorn to stay relaxed as an aid to rapid inflation of the

main chute (see paragraph :, 4.'3), When the main chute Is fully deployed its infla-

tion comnimences and is completed rapidly, leading to the configuration shown in
Figure 11b in the mnin text, .

2. Vayda, 0.A., 2/It, UISAF (1970)( Effect of Droping a Mass From Stretched
P'arachute Cord, Air Launched Balloon System, unpublished AM te-'Tncai
III" 11 ' l iia U ,. ...
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System Components

Item Description Wt(lbf) Fore. (N)

S1 28-ft drogue chute 46 204.6

2 200-ft line 36 160.1

misc. hardware on
33 200 ft line 20 89.0

d 4 Balloon . end fittinla 200 889.6

balloon pa,' &
. linkage 20

6 3/4 main chute wt. 95 422.6

W5 ' ter 7 command/control pock 30 133.4

8 Ballast 0 0

9 Comm Relay (Dummy) 200 889.6

10 1/4 main chute wt. 30 133.4

11 Cryogenic Unit 753 3349.3

Recovery Chutes for
12 Cryogenic unit 90 400.3

SSum of items
4x 3,4,5,6 335 1490.1

W um of items
u m 12 1103 4906.1f w ~~Sum of W1 and 148 69.5 WF W 1 1438 6396.2

W W r sum of items

01.I & 2 82 364.7
WF -1l a +WL @

W system "WF 4, WDL 1520 6761
r"DL .... I.

Note2 1 pound force (lbf) - 4.448 Newton@ (N)

Figure CI. Weight Distribution Sketch, Before Main Chute Deployment, Event 3a
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3.2 AIcteithnnuon of the Drogeg Chute Unloading Time

The values of system velocity and other parameters at the end of main chute
deployment have to be calculated in order to establish deployment completion time,

expected shock loading and initial conditions for main chute opening. (From these
initial conditions, main chute opening time in predicted.) However, before the
required parameters can be calculated, the time during which the drogue chute is
unloaded must be determined by solving the contracting spring problem.

3.2.1 SYSTEM WEIGHT DISTRIBUTION

Referring to Figure Cl, an overall system weight (W t of 1520 lb (6761N)systeiot 52 b(66N
is assumed. Of this, 82 lb (364. 7N) represent the combined weight, WDL, of
the drogue chute and the 200-ft (61 m) linel 1438 lb (6396. 2N) represent the sus-
pended ALBS test vehicle weight (WF) prior to main chute deployment. (The stretch
of the 200-ft line in due to the suspended 1438 lb).

As main chute deployment is initiated, the large free-falling body WL weighs
1103 lbs (4906. IN), while the smallei body, W., which is accelerating upwards,
weighs 335 lb (1490. IN). (The box on Figtre Cl Identifies the items which make

up the various weight combinations.)

3.2.2 BASIC FORMULAS AND CALCULATIONS

Note: The formulas and symbols stated below are essentially those used in the
Vayda memorandum,2 with some minor changes and additions. Table Cl lists the
principal symbols used in the discussion. As each formula is introduced, a calcu-
lation is performed using that formula and the weights listed on Figure Cl.

Eq. (1) x - 0.0118 Fk+ 4.9012

This is an empirical equation for stretch distance developed from a loading
curve for 2 in I Nylon over the loading range involved in our problem. The 200-ft

Weight is treated as a force and the English units of measurement, lb, are under-
stood to represent units of pound-force (lbf), The corresponding metric unit is
the Newton (N). (I lbf - 4,448N).

The 1520 lb system weight is typical of the weights actually measured during the
night tests at the NPTR in which a 28-ft ring slot drogue chute was used. Com-
putations made prior to the start of the NPTR flights used a system gross weight
of 1383 lb (6152N), a weight which had to be revised upward as experience was
gained. The increase was due to added hardware and rig ing. (The ALBS mod-
ule which we• to be dropped in the Holloman AFB test weighed approximately
1770 lbs, reflecting a further growth in system size and complexity, especially
in the cryogenic unto Interface.)

tThe drogue chute is treated here as a stationary beamn. All velocities are rela-
tve to a fixed systern and ignore the fact that the parachute system is actually
descerding through the atmosphere.
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Table Cl. Table of Symbols

ILI Maximum theoretical distance above no-tension point

F • not force on system

FFk force on spring, * WF when t o o, that to at release
Fm force on attached mass, P -Ws when t •o

k pspring constant
W2m| mass of smaller body

x distance parachute cord pi stretched

yspitn, length (distance small body travels upward in
""returning to no-tension point) (xi % x)
Ay a acceleration due to gravity (32.2 ft/seeo2

, v a velocity, velocity at no-tension point

,r~iy •vertical height; actual distance above no-tension point

•it R elapsed timne; time to no-tension point

tI W time from no-tension to a'

tit" time from no-tension to y

W U weight of the suspended body before separation

W E weight of the small body, after separation

WL a weight of the larger body, after separation

(0 1 m) line wag aasumed to have the game stretch characteristics. (Later infor-

motion suggested that the 200-ft line, which was c•onstructed of 2 ply Type 23,
12, 000 lb (5.34 X 104 N) b'eaking-strength Nylon webbing may actually have less

stretch under load, but no definitive value was obtained).

Thus, when Fk - 1438 lbs, x - 21.87 (i. 07 ml

Eq. (2) k - Fk/x.

This equation for the spring constant can be rearranged to readt

Eq. (2a) Fk - kx. (This relationship will be used later, in developing Eq. (10).)
Uising Eq. (2), we see that the spring constant k -6. 752 lb/tt (959. N/rm).

To obtain the mass of the smaller body we use,
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I

Eq. (3) m V Fm/Ay.

Thus, if the smaller body weighs 335 Lb, (1490. IN) It has a mass of 335/32.2

or 10. 404 slugs (151.83 kg),
In our spring-mass system, the mass being accelerated upward will rise to

the point of no tension, that is, to the point where the stretch in the sprinng (200-ft
line) has been reduced to zero. The mass will still have velocity at that point,
however, and will continue to rise until the residual velocity is cancelled out by
gravitational forces or by some other constraint. The 200-ft line is then slack
and the mass will fall until that line becomes taut unce more,

During the initial upward acceleration of the small body, the force of that tody

(Fm) will act on the drogue, until the no-tension point is reached. Then, during
the time it takes the small bvdy to rise to its maximum distance above the point of
no-tension and to descend back to that point, force Fm is removed from the drugue.

:1 In essence, the drogue "sees" only its own weight and that of the empty 200-ft line,
(Force is reapplied to the drogue when the 200-Ut line becomes taut again.)

We shall now calculate the times, distances, and velocities involved in the
rise to no-tension, to nmaximum height above no-tension and to return to no-tension.

For our spring-masc system, the following basic equations for velocity, force
on the smaller body, and net force are umed to derive the equations actually em-

ployed in our calculationat

Eq. (4) v -1/k . dFk/dt,

Eq. (5) Vm , In dv/dt.

Eq. (6) F VFk -tFo

(a) Rearranging Eq. (4)

dr k -kv dt

innd integrating, we get

I -kvt + C

(b) When I - 0, Fk I weight of the muspended body before meparation -

1438 lb In our example (ice Pigure CI). Thus, C 1438 and

Eq. (7) Fk ' -kvt 4 14 30.
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(c) Substituting Eqs. (7) and (5) into (6)

F a 1438 - kvt - m dv/dt

Fdt - 1438 dt - kvt dt - m dv (after multiplying through by dt)

m dv a 1438 dt - kvt dt - Fdt (after rearranging terms)

dv - 1/m (1438 dt - kvt dt - Fdt) (after dividing through by m)

v a 1/m (1438 t - 1/2 kvt 2 
- Ft) + C (after integrating both sides)

or,

Eq. (6) v - (1438 - 1/2 kvt - F) t/m + C (after factoring out t)

where v is the velocity of the upward-moving body.
(d) At release, that is, when t - o, the upward velocity, v, is o, and the con-

stant C in Eq. (8) becomes 0, whence

Eq. (9) v= (1438 - 1/2 kvt- F) t/m.

:I (e) Stated In more general terms t

k I

!~~ ~ v k- -FeIt where 1438. Fk when t •o

•! or,

v (fk kw lt - Fr t w here v d w

v Fk --- F) t where Fk kx (Eq. 2a)

whence,

Eq. (10) v k _" F -t

Mr If we let the spring length, W', be equal to the stretch distance, x, which to

the case at the no-tension point, and if we substitute xl/t for v in Eq. (10)t we get

- F
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or,

(g) To determine the time required for the spring (200-ft line) to contract so
that there is no tension on it, we rearrange Eq. (11) as follows:

1/2

We are now ready to calculate t, the time to the no-tension point. We use

Eq. (12), and let F m -Fm, because at the no-tension point the only force is that on

the ascending small body. (Fk, the force on the spring - 0 at this point, and

F Fk - Fm per Eq. (6).) The values of m, x' and Fk are as previously statedi

2/
t " 10.404 slugs X 21. 87 rt 0.466/2et~ ~ 1 . ('-335 o b)8=

using this value of t in Eq. (10), we solve for the velocity of the small body at no

tension:

v~ ~1F38 [ .V!(-335) 47 .067 fps (14. 348m/uec)

If there were no other restraints on the upward moving small body, it would

rise to a theoretical maximum height above the no-tension point. Actually there

is a restraint, as wAill be discussed shortly, which keeps the body from rising that

high. The methods fbr determining the theoretical maximum height will be pre-

sented nevertheless because they are relevant later in the discussion of the balloon

extraction process (see Section 4).

(a) To obtain the maximum theoretical distance (a') above no-tension we must

first determine the time, t', required to reach that point.

vf - v - Ayt' where v final velocity at a' t o

or

o a v - Ayt'
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whence,

Eq. (13) t'

or

to 47. 067 fps 2 1. 4617 sec
32. 2 f/secs

(b) The theoretical maximum distance above no tension, a', is determined

next:

a' a yo + •(Vo + Vf) to

or

Eq. (14) at X t. where Vc vandV, o

whence

a' , . (47. 067)(1. 4617)
2

m 34.40 ft (10,49 m),

(c) The elapsed time from release of the suspended weight to maximum

theoretical height (a') of the small body is the sum of t and t', In our case, it is

0. 4646 + 1. 4617 or 1, 926 sec.

3.2.3 EFFECT OF THE MAIN CHUTE CENTERLINE

Up to this point we have considered only an unrestrained spring-mass system.
However, as previously mentioned, there is actually a restraint which limits the

travel of the small body above the no-tension point. This restraint is, of course,
the 51-ft long centerllne of the 42-ft diameter main chute.

The two bodies Into which the suspended body (Fk) separates at main chute
deployment act independently of each other while the centerline is alack. One

falls freely, the other is accelerated upward. When the centerline becomes taut

again, an exchange of momentum between the two bodies occurs so that there is in

* effect a single mass moving downward at a speed less than that of a free-falling

body. This exchange happens before the ascending smaller body can reach the

theoretical maximum height above no tension. To find the time, t", at which the
exchange of momentum occurs the following calculations are performed:
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Note that t, the time from release to the no-tension point, is a vital point of

reference in these calculations. This it so because at t the two oppositely moving

bodies are subjected to the same constant acceleration force, Ay.

(a) First we find the velocity of the larger falling body (VyL) at 0. 4646 see,

which is the time to no tension, t.

VyL VyL + Ayt * where VYL 0

or,

Eq. (15) VyL Ayt

whence

VyL a -3 2. 2 (0. 4646)

VyL x -14.96 ft/sec (-4. 56 m/Aec)

(b) The distance from the separation point which the large body has fallen,

YL' in determined as follows,
V

+ oL (VyL + VyL) t where YoLand V 0

or,

Eq. (16) L . t

whence

* (-14. 96)(o. 4646)

mL -3. 475 It. (- 1. 0592 m).

(c) The initial separation velocity, Vso, at t - 0. 4646 sec, is determined from

the formula,

Eq. (17) V 0so VyL -v
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whence

V4o . -14.96- 47.067

or
VIo . -62.03 R/see (-18.91 m/sec).

(d) The initial separation distance at t, yso. is obtained from

Eq. (18) Yeo a yl' -x

yse * -3.,475 It - 21.87 It

v -25.,345 It (-7. 725 m),

(e) We kniow that the maximum separation, yc. between the two bodies it met

at 51 ft (15. 55 m) by the length of the center-line, Thus, we can find the final

separation velocity, Va, as followst

V2 V2 +2Ayleyo

or

Eq. (19) V •' 2

whence

Vs 1 ((-62.o03)2 - (64. 4)(-1 + 25,3 5) 1/2

or

Vs  -74, 16 ft/sec (-22,0 am/sec)

(M) We now must rind the time, t", between the no-tension point and the max-
imum separation of 51 ft.

Ve V5 0 + Ay t

or

Eq. (20) t" V " VIO

whence

t"" 74, 16, + 92, 03
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or

tit 0.3 767 sec.

(g) To determine the maximum distance the small body goes above the no-
tension point, we must first find the final velocity of the body at maximum distance

above no-tension point.

Eq. (21) V y v+ A tt"ys y
V M 47. 07 - (32. V)(. 3767)

Ys

V * 34. 939 ft/sec (10.65r m/see) .

(h) Now the distance above no-tension point can be found.

1=

Eq. (22) y - y + (V + V) t" Let Yo~ Yo

S- 1 (34. 94 + 47. 07)(0. 3767)
2

yv 15. 45 ft (4. 71 m)

If we sum the time required to reach the no-tension point (0, 4646 see) to the
additional time required to reach the maximum separation distance (0. 3767 set),
we obtain the total time (t + t") (0. 8413 sec) required for the system to go from the
release point to the point where the centerline becomes taut (maximum separation

distance).
.1 At time ti, the upward motion of the smaller body is stopped by the sudden

"application of the force of the larger free-falling body. The smaller body starts
downward under this force until the slack in the 200-It line is removed. The total
force on both bodies is then transmitted up the 200-fl line to the drogue chute which
becomes fully loaded once more.

The exchange of momentum between the large and small bodies, when the
oenterline of the main chute becomes taut, is expressed by the formulat

vF F a m 01v + move

or

Eq. (23) vF L L
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where

L refers to the large body

s referm to the small body

F refers to the final or combined body

m " mass

v velocity

This can also be written as

qWL (t + it") + mn vyEq. (24) v.•, ,, WF/ •

where

L L)

and

as ys

whence
V -(1103)(0, Q1$3) + (;0.404)(34, 39) -_1, 03t fps (-3. 85 m/sac)

Knowing v., the resultant downward velocity, and y, the actual maximum die-
tance above no tension, we can compute t' the time it takes for the slack to be
removed from the 200-ft line, This is a free-fall situation again, with an initial
velocity equal to vF,

LoevT v the terminal velocity of the falling body when the line slack is used up,
Using the form of Eq. (19)1

Eq. (25) 2 2 V + 2Ay (YT- y)

where

YT 0

and

(YT " Yy) -y or minus the maximum distance above no tension, This to the
distance which must be travelled downward before 200-ft line be-
comes taut again.
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whence

VT - J(-12.639)2 + (-64.4C-15.45)

= -33. 981 tps (-10.36 M/se6)

The time (t' 1 ) to traverse this distance Il found by dividing the distance by

the average velocity, or

"Eq.... (26)t-15.45 0.6628 seeEq. (26) t, , - ) + (-v T) (-12. 639) + (-33. 981)

3.2.4 TIME SUMMATION

From all these computations we see that the total no-tension time (t" + t' I I)

is 0. 3767 sec + 0. 6628 see or 1. 0595 see. Also, the time from release to the

reapplication of full load to the drogue chute is the sum of times t, t" and t''' or

0. 4048 sec + 1. 0395 sec or 1. 5041 sec. Table C2 summarizes the foregoing com-

putations.

The author developed a calculator prcgram (P-20) which solves the contracting

spring equations described above and provides the outputs listed on Table C2,

8.8 Mein Chute Deployment Culculstions

3.3. 1 COMPUTATIONAL METHOD

In the contracting-spring model discussions, we treated the system as fixed,

that is, we ignored the fact that it was descending through the atmosphere. We

must now return to the real world in order to complete our main chute deployment

calculations. The main computational tool will be the author's program P-13A,
which it described in an earlier report.

Figure C2 summarizes the results of the computation carried out for a 1520 lb

system, using the times just obtained in solving the contracting spring problem,
The initial system velocity (-89.82 fps, -27.38 raps) is the equilibrium velocity for

such a system when supported by the 28-ft ring slot drogue chute at an altitude of

23, 800 ft (7254 m), the estimated system altitude 10 sec after release,

The drag on ýhe 28-ft drogue chute at equilibrium is approximately the system
weight, 1520 lb. When the 42-ft main chute is deployed the load on the drogue is

drastically reduced from full system weight to 417 lb (1855N). (Referring back to

Figure Cl, the 417 lb is the sum of weights Wa and WDI. ) The drogue is assumed

to maintain this loading until titne t, the time to no-tension (0. 4046 see), as just

determined (paragraph 3.2, 2).
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Table C2. ALBS Contracting Spring Data Summary for Main Chute Deployment,

Symbol Parameter Rnglish Units Metric Unite

F or Wf Total suspended wt, leas drogue and line 1431 lbf 1906. 2 N

Fm or -We Roeidual wt after reishse of WL -338 lbf -1400. 1 N

Ay Gravitational constant 32, 2 ft/eea a , D1 em/ieo2

YS Specilied separation distance -51 ft -15,54 rn

M or m Small maim (-Wl/Ay) 10.404 slugs 151.83 kg

x Stretch distance (.0115 Fk + 4.0012) 21.87 ft 6.87 in
k Spring constant Fk/x e5.753 lb/ft 959,6 N/m

mt Tie to no -tension point (n, t.) .440 1ee .4046 see

-vye Initial separation velocity, at time t -02. 03 f/seo -16. 91 rA/ceo

v Velocity of emall mace, at time t 47. 067 f/leo 14. 346 in/eec
..Vy(L) Velocity of large mans, at time t -14. On f/e•c 4.850 w/sec

Free fall distance, at time t -3. 478 ft - 1. 05092 n

Initial eeparation distance (-YL-x), -28,348 ft -7.725 m'Yeo at timet

a' Theoretical max. distance above n, t, 34.40 ft 10.4D m

It Time to a' (theoretical) 1.4817 seo 1.4617 see

t + it Time from release to a' (theoretical) 1. 926 Mee 1. 926 aec
y Max, actual distance above n. t, 15, 48 ft 4.71 m e

Vyp Velocity of small Mass at y 34, 939 fps 10.68 rn/eec

-Vmf Pinal sop. velocity, at y (Vol) -74. 16 fps -22.6 M/ee00

tit Time from no tension to y ,3767 sec .3787 11ee

t + t Time from release to y 8413 se .84 sea

*vF Velocity of combined mase at t + to' -12.630 fps -3.605 M/60c

tol' rime to eliminate line sltak . 6628 see . 60268 se

vT Terminal velocity of combined mass -33,981 D pm - 10.36 m/eec

tit + til Total no tension time 1.0395 aeo 1. 0315 eac

t + t1 + til Time to reapply full load 1,8041 seo 1.3041 sac
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natea 3114/77

Contracting joring Dtast

(from P-20)t

t .4646s - time to no tenston

t" .17678 - time to Y
t"'. .6628m - time to no

--- @clack
t" + t", 1,039O (total no

tension time)
S0. (t" + ") - time to

reapply full load
1.504.1.

ALSO MAIN PAMCHJT1EI3
pcogram P13A DIIPL.O4EWt4 cOyumrwNO Subject I Vont 3a

poa__DP HT___ 28' Drolus chute (r.wlot)
of jfps -- U -a -LV-- f lb fps42' Main chute (t, mail)

o 4.411 - -69,32 1520 23800 417 - 0

W a Sytem Weigf ht 15320 lb

.10 3.76 3.306 -32.80 1273.36 "791.4 ,.043 - nominal dim. 23 ft
s15 49 2.96 -79.84 11i3,0 "'77.3 .0-12,69 nitisl(r e)Veloty

.20 26 2.66 -77.19 1104,99 "783.4 .036 -16.61 JV instantaneous veloity
30 2.9 2,17 -72.6) 977.91 "775,9 .030 -34.10 v ±not tneoua.3D .8 a Change in velocity
.40 .598 1,79 -68.38 879,71 "768,8 .024 -31.17 tf/30 calculation ntev (a)

.45 .48 1.63 -67.25 838,931"765,4 .021 -34.57 actual time (1)

.50 2.183 12.907 -54.34 739.43 "1172,4 32 20.49 -37.1 W eutmation of height

.55 1.45 3.021 -46,32 490,51 "759.9 " -40.13 changes

.60 1,07 .49 -40.33 361.438 "757.7 .•48 -42.31 w i nitial vwight

.65 .:40 3.93 -36.85 284,53 "755.3 .847 -44,23 (chute + load)
alntantanecue V~l~ht

.70 . 92 2.99 -33.86 234,11 "754.0 ,046 -46.01 dynamic Wteiugh

.80 .517 1.83 -29.71 175.23 "750,8 ,.45i-49.1 a m. n.ay

.90 .422 1.19 -27.05 142.76 1•748.0 .844 -52.01 Hi release altitude

1.00 .364 .809 -23.26 121.20 "70.54 " -54.62 H instantanouso altitude

1.25 .293 .336 -22.82 99.20 "739,4 .40 -60,59 a density ratio p/Po

1.45 .269 .177 -21.90 91.01 "7 34, .839 -65.05 w3 We Iht of ALSO balloon
1.50 .459 -1.45 -23.346 155.36 "73.8 1 . -71 W-5,19 T " other components

1uspendsd on drogue

1.5 .501 1-.43 -24,70 169,77 "7322,6 1 .717 -67.40

1.60 . 45 -1.41 -26.19 1 34.67 '731.31 .715 -6 3.66 CU o off. dram (chute) .55
so) Rot. Area of chute

1,80 134 1.35 -31.64 , 4 8-.2 "725.5 .706 -74,45 Va Projected squilibrium

2.00 .939 27 -36.89 337q41 117 13 7 " bo9 -3iL,32. Velocity tot system ofS, "Weight, W4

bulstern 00 01 02 03 04 05 06 07 03 09 10 11 12 13
IN- T- --t 'W - --1 HbO 3

im ViL tis 1 , HUQ -H .7;.-4 6Rvo. .Nt

OT Q -v W 3. D Y ii11A

F'igure C2. ALBS Main Chute Deployment, Event 3a, Computations 1520 lb
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AL the no-tension point the drogue Is assumed to experience only the loading
"uA.Aociated with its own weight and that of the 200-ft line, WDL, or 82 lb (365N).

"It stays In this lightly-loaded condition until time t + (t" + t' 1 1), that is, until the
slack in the 200-ft line is taken up, It then sees the whole system load again.

The data summary on Figure C2 tracks dynamic pressure, velocity, velocity
* change, drag, height, and height change its the system descends. Calculation. are

performed at 0. 05 sec intervals and are carried out from the start of deployment
* until 0. 5 sec after the 200-ft line becomes taut again. The actual opening of the

main chute is assumed to commence at this point, an assumption which proved to
be in good agreement with actual flight test experience (see 3. 4. 1).

3. 3.2 DYNAMIC PRESSURE VARIATIONS

The dynamic pressure (q) track on Figure C2 is of particular interest. If the
value of q falls off too greatly, the danger of drogue chute collapse is strong,
according to parachute literature, A dynamic pressure less than 0, 3 lb/ft2

(14. 36 N/M ) is considered cause for concern, The calculated q values on Fig-
ure C2 do fall slightly below that figure just before the full load is reapplied to the
drogue chute. However, in the actual flight tests, no drogue chute instability at
this point was observed. Thus, if the calculations are accurate, it would appear
that this type of ring slot parachute, with its high geometric porosity, is not par-
ticularly sensitive to the 0.3 lb/ft" dynamic pressure threshold.

Figure C3 was generated in the same manner as Figure C2 using a system
gross weight of 1383 lb (6152N) and a 32-ft-diam (9, 18 m) drogue chute. It rep-
resents the ALBS configuration at the start of the test program and is offered for
comparison purposes.

3.3.3 DEPLOYMENT SHOCK FORCES

r The velocities generated in the contracting spring problem solution suggest that
fairly strong deceleration shocks will be experienced during the main chute deploy-
ment, particularly during the exchange of momentum between the two hodies WL

Sand W5 , as described in paragraph 3. 2.3.

"If we allow the deceleration force, FD to be the force on the larger body WLD
then

W

where

W L
mass of the larger body

iy
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Dater 1/181/77'

Contracting Sprint Dats

(from t-20):

t - .45a - time to no tension

t" .382 -time toY

ti _A L - tise to no slack

t" + t," l.03a(total no tension
time)

t + Wt, + t"') - time to reapply
full load

Subjeant %vent 3a

ALRB MAIN PARACHUTE 32' Drolue chute (r. slot)
Prograu P13A DIPLOYMENT COMPUTATIOH 42' Main chute (r. mail)

t fao f ps fps lb ft lb - aq i Av -v D H v
_ .. ..... -- 9- - -- - D IPaS force

0 3.09 - -75.0 - 23930 366 We Uystam Weight 13113 lb
.05 2.82 +3.879 -71.12 1247.76 "926.3 38,654 - 3.65 Do Chute nominal dia. 32 ft

.10 2.55 - -61.76 1128.80 - " ,5 - initial(ralasavelocty

.15 2.33 " -64.84 1030.70 - ." 649 V inst-antes velocity' " v instantaneous velocity

.20 - - -62.28 - - ".66 - iV Change in velocity

.30 - -58.01 . .. 6 tf/2 5 calculation interval (a)

.40 1,645 i -54.4 137,5 - -.63 -25"25 t actual time (s)

.45 1.559,.+1.42 -53.2a 6589.88 -3902.1 - 1-27.95 EAH summation of hsiaht chana..
,s0 ,3(.4 411,86 -41.33 603.54 '899.7 72 17.136 -30,31 WI initial Wseiht

.55 .83'5 +6,694 -34.64 7 1 19,35 '7.8 " .133 -12.21 (chute + Iced)

.60 .S997 -30.32 265.27 - .134 - W ins taneous weiht

.65 .4663 +3.002 -27.31 206.24 "894.7 133 -35.28 P aam, oen 1ty

.70 ,.3834 
H-25.13 - -- Hi release altitude

g80 .2898 +1.256 -22.24 128.17 "891.05 8 -38.95 H instSntaneous altitude

.go .2410 ' -20.49 106.61 - 0,32 -41.08 c' density ratio p/0o

1.00 .2129 -19.37 94.19 "886,93 " .131 -43.06 W49 Wsiplht of ALBS balloon

1,i5 .1809 '+ ,1790 -17.98 80.00 "882.28 " .131 -417.71 W s. sother componntsa

1.50 .1697 '+ 0685 -17.46 75.06 "877.9 I 17.1.9 -52.13 suspended on dragua

1,55 .299 1-1,456 -18.92 132.34 "976.96 1383 75.07 -53.04 "D coaff, drag (chute) .5S

1.60 .3339 -1.438 -20.35 147.70 "876.0 . -54,02 8O Ref. Ar.. of chute

S1110 .4863 - 1-25.91 215,14 -" .062 -58,65 Projected tquilibrium
. 4 Velocity for system of

2.00 1 .6561 -1.271 -31.136 290.25 865.63 ' .055 -64.37 Wseiht, W

Reiiters 00 01 03 04 05 06 07 )a9 09 1 71-- 12.13

IN - i- _/3 t/0 1 H -Nil I ~ H-1000, 
1
H A / (C D 8)8 Count 0 O/A

lag -7)930 ,422 4jiU14 7A "0 ~a5 .50

ouit q -V 1  N 1.2. D r.Nt0V"-

Figfure C3. ALES Main Chute Deploynent, Event 3a, Computations 1383 lb

108

....................... .. . ... .. .. .... .... ........................



find
.Av deceleration
'At

or

W (VLV
SEq. (2') FD Ay At

where

VL u (t + t") Ay a velocity of larger body at start of exchange

and

VF velocity of larger body at end of exchange

whence, using the values of paragraph 3. 2. 3,

1103 -3 2) - (-12.639)

If we choose a value of 0. 05 sec for At, FD = -9900 lbf (-4.4 X 104 N), and if we

let At 0. 10, FD . -4950 lbf (-2.2 X 104 N). Actual flight test measurements gave

average values of -7000 lbf (3. 1 X 104 N) for FD, which indicates that At is about

0.07 seo. It also shows that the cryogenic unit will be subjected to a shock of

7000/1103 or approximately 68 4 g In the vertical plane, a force which it has been

designed to withstand.

Using the form of Eq. (27), we can find the force on the small, upward moving
body from the following formulat

W (Vs - VF)
Eq. (28) FD y At

whence, using the values of paragraph 3. 2.3,

33D 5 , 134. 39) - (-12. 639) a 7071 Ibs 21..1 g

This is a very powerful force, a fact that was amply confirmed during the

* flight test program. The area of this extreme violence encompassed the apex of
the deployed main canopy, the packed balloon and its fabric container (nicknamned

the "doltghnut"), the linkage and separation devices located In that region, and the

top end of the inflation tubing from the cryogenic unit. Much attention was focused
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on this region during the test program in a successful effort to minimize the poten-

tially destructive effects of the deceleration force.

8.4 Main Chute Opening Time

3.4. 1 PRELIMINARY CALCULATIONS

In the preceding report,1 the opening of the main chute (64-ft flat circular) was

treated as the opening of a theoretical "combined" chute whose diameter was

determined from the sum of the areas of the drogue and main chutes, An opening

time (3. 5 see) was then determined through the use of Program P4U, which employs

the formulas of the Parachute Handbook 3 for parachutes without geometric porosity.

In the revised ALBS configuration, the 42-ft ring sail main chute does have

geometric porosity and an alternate method of computing opening time must be

used. The Parachute Handbook offers the following formula for this situation:

O, 65A Do
Eq. (29) tf = 6 X

where

j X• Percentage of Geometric Porosity

Do Nominal Parachute Diameter

v. Initial System velocity

whence, using a A. value or 22.5, and a velocity of 36.89 f/sec (11.24 m/sec) as

obtained from Figure C2, at t z 2. 0 sec,

0,65X22. 5X42 - 16.65 see

This appears to be an excessively long opening time. Referring back to Fig-

ure C2 we see that the projected equilibrium velocity of the system at t % 2. 0 sec is

89. 7 f/sec (27.34 m/see). This means that the system, with only the drogue chute

acting as a decelerator, is trying to speed up to the velocity it had before the main

chute was deployed. Thus, the selected value of va may be too low. However,

even if we arbitrarily choose a va of 60 f/sec (8. 3 m/seac) the opening time is still

over 10 sec. (When v5 is chosen as 89.7 f/sec (27.34 mr/ice) the opening time

becomes 6.8 sec,)

3. Parachute Handbook (1963) Performance of and DeWizn Criteria for Deployable
Aerodynamic Decelerators ASD-TR -1-579, 2nd Ed.
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Actually, a main chute combined deployment and opening time of 16 sec was
selected prior to the first test at the NPTR. This value was based principally on
the use of Eq. (29) above, with a vI of 31, 136 f/sec (9.49 m/sec). (See Table C3
at T • 2. 0 seo.) The calculated tI of 19. 73 80c was arbitrarily revised downward,
in anticipation of the effect of the centerline of the main chute, and the resultant

time, 16 sec, was used to establish the time to initiate the balloon extraction step,

T + 39 sec.
0

3.4.2 TEST RESULTS

As it turned out, the 18 sec value was much too long. The main chute consis-
tently deployed in 2 sec and opened in about 3 sec in the NPTR flight tests. Thus a
combined deployment/opening time of 5 sec was used in subsequent calculations

and event initiation settings.

This adjustment, along with a revision (from 19. sec to 8. 5 see) of the time to
"first vertical" (that is, to the completion of the system orientation change from
horizontal to vertical), led to the following event schedule which was used in subse-
qtent NPTR testst

T0  Release of Drogue Chute from Pendulum on C-130.

T + 3 sac Finish Inflation of Drogue Chute.

TO + 10 see Initiate 42-ft main chute deployment.

T + 12 sec Cut main chute protective cover ('Snood") line.

T + 18 sec Cut laces of balloon container.
0

T + 20 sec Initiate balloon extraction.

T + 28 sH o Finish balloon extraction.

3,4.3 EFFECT OF CENTERLINE

The centerline of the main parachute is considered responsible for the drastic
decrease in the estimated opening time. This line had been added to the basic para-

chute system configuration by the 6511 T. S., prior to the start of the flight tests,

on the firm conviction that the main chute, as originally suggested, would not open
after deployment. It was stated that the tension at the apex (caused by the drag
force of the drogue chute) would keep the main chute canopy folds and suspension

lines taut and, with the relatively low system descent velocities involved, there
would be an insufficient buildup of pressure inside the canopy to cause inflation.

The centerline was constructed of 2-ply Type XXIII Nylon to withstand the
7000 lb shock load discussed earlier, It was cut to a length of 51 ft (15. 5 m) and

was run from the apex to lower confluence point of the main chute. Because the
length of the uninflated chute is 63 ft (19. 2 m), it it obvious that the centerline will
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become taut when the chute is deployed while the standard suspension lines and
canopy folds will remain slack. Thus, there is nothing to Inhibit the spreading

and tilling of the canopy. This unloaded condition of the lines and canopy is be-
lieved, therefore, to be the factor most conducive to the observed rapid opening.
However, a penalty is involved: As the chute fills, the centerline pulls the apex
inward somewhat, a situation believed responsible for the coning actions observed

in the system. (See paragraph 4. 6, main text.)

As a matter of interest the 8511th T. S. added another novel design feature to

the main parachute to insure positive inflation. Referred to as the 'snood," it is
a protective Nylon cap (see Figure C4) which keeps the folds of the canopy in a
tight, bunched-up configuration, during the first 2 sec of deployment when all the
violence is occurring (see paragraph 3.3. 3). A line surrounding the snood is then

cut and the folds are free to open out. This protection of the canopy material at
the start of deployment it considered to be a second key factor in the history of
successful openings ot the A LES main chute during the NPTR flight series,

'I'

X T,

Figure C4. Snood for 42-ft Main Chute
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4. BALLOON EXTRACTION PROCESS

4.1 General

With the main chute open (TO + 15 set), the system is beooming stabilized in
the two-chute configuration and the way is now clear for the next major event, the
extraction of the balloon from its container. At To + 16 sec the laces which seal
that container are cut and, at T0 + 20 see, the drag force of the drogue is applied
both to the laces (to remove them) and to the top of the balloon. The discussion

which follows will describe the events and cover the calculations involved in the
balloon extraction process.

4,2 Initial Conditions

When the main parachute is inflated, the packed ALES balloon rests in its

laced canvas bag doughnut on top of that chute. (See Figure 9s, main text.) The
200-ft line from the drogue is connected to an extension line which passes through

the center of the doughnut and is attached to the apex ring of the main chute. Thus,
the drogue chute is supporting part of the overall system load. The drag force on

the drogue is 382. 9 lb (1613. 2N) as calculated in Appendix D, Table B2.
When the balloon extraction begins, the 200-ft line is disconnected from the

extension line, thus removing much of the system load from the drogue. (The

main chute acquires the load shed by the drogue,) The drogue still has drag, how-
ever, and It is now used to extract the balloon from its container.

4.8 Contrtset Sprin Effeet Coniderstions

Because the drogue is under tension at the start of the balloon extraction

process and because that tension is suddenly released, as was done at the deploy-
ment of the main parachute, the impact of line recoil had to be considered. An

analysis was performed to this end, using Program P-20 to solve the equations of
paragraph 3.2.2.

Unlike the main chute deployment situation, the suspended load in this case
does not separate into two bodies, one of which falls freely for a time. Rather,
the load starts to come apart, with the upper section rising away from the lower
section to which it remains loosely attached. Figure C5 depicts the model used in
the analysis. The components of the A LBS below the apex of the main canopy are
ignored in this model. The system weight, Wiystem, is equated to the drag of the

drogue at equilibrium, 363 lb (1615N), as computed in Appendix S.
To start the analysis, it wan necessary to assign a value to the term We, the

weight of the part of the system accelerated upward by the recoiling line. This
weight would clearly include the 20 lb (89N) of miscellaneous hardware near the
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a ,system Components

Item Description Wt(lbf) Force (N)

I 28-ft drogue chute 46 204.6

2 200-ft line 36 160.1

misc. hardware on
3 200 ft line 20 89.0

Balloon & end
4 fittings 200 88916

Balloon pack &

W 5 linkage 20 89.0

W system Wa See note 2 62 276

WL Wy, - WF - W2 219 974

w1 W 1  W y-tem-14DL 281 1230

WDL 1 & 2 82 364,7

W system see note 1 363 1613

Ll I only the components above the main
canopy, exclusive of the balloon packr1 a& linkage, are involved in the line
recoil action,

.L The total system weight in this cove is-- taken to be equal to the drag force on

the drogue as calculated in Appendix I
Table B-2, or, W 363 lb.

system
NOTE 2 W5 is pot the sum of the weights of items

3! 4 and 5. It represent@ the sum of
item 3 and part (42 lb. 187 N) of item 4.
See para.C.4.3 of text)

Notei I pound force (lbf) - 4.444 Newtons (N)

Figure C5. Weight Distribution for Balloon Extraction Event 4b, Prior to
Extraction
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base or the line. plus some length of the balloon which would also be snatched up

from the doughnut during the line recoil. Using a trial and error method, the
author arrived at a figure of 42 lb (107N) as the weight of the balloon component of

W This to the weight of 21. 8 Af (6. 5 m) of balloon, with the balloon weighing
200 + 102 or 1. 96 lb/ft (21. 61 N/m), Note that the 21. 6-ft length of balloon is the

sum of parameters x and a' on Table C3 which summarizes the analysis data.

The value assigned to W5 is, then, the sum of the hardware weight (20 lb) and the

balloon weight (42 lb), or 02 lb (276N),
From Table C3 it can be seen that the time to no tension, t, is approximately

0. 28 see, while the total no-tension time (t' + t''') is approximately 1. 8 sec.
Even though recoil is indicated, there ti some question as to whether it is

present to the extent shown on Table C3, The amount of initial loading on the

rugged drogue line (2 plies of 12, 000 lb strength webbing) is quite light (281 lb)

and the assumption that this webbing behaves as 2 in I Nylon (see paragraph 3. 2. 2,
Eq. (1)) may not be entirely valid. Moreover, part of this recoil is believed to be

expended In pulling the laces out of the doughnut pack and in overcoming the friction

associated with snatching up 21, 6 ft of Z-folded and coiled balloon material.
Despite tihe doubts, the author carried out the balloon extraction computation

using the data fromn Table C3 and compared the results with a similar run in which
the data were not used. The resulting comparison showed that the contracting
spring effect is minimal in the balloon extraction process and can be ignored.
Figure C6 summarizes the balloon extraction computations carried out without use

"of the contracting spring data, Note that the balloon is fully deployed in 8 see,

which is in good agreement with data from the NPTA tests. (See paragraph 4, B,
main text,)

It is interesting to note on Table C3 that the data pertaining to the parameter y

do not apply here. (In the main chute extraction, y was the point at which the
smaller and larger bodies exchanged momentum.) In this case the rising body goes

to the theoretical distance above no ter.ion where its velocity becomes zero.
There is no exchange or momentum, The shock occurs when the body falls back
down to the line stretch point and is less than 1g,
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Table C3. ALBS Contracting Spring Data Summary for Balloon Extraction,
Event 4b

Symbol Parameter HnglLsh Units Metric Units

Fk or W, Total suspmnded wt, less drogue and line 281 lbf 1250 N
Fm or -W Residual wt after release of WL -02 lbf -975 N

Ay Gravitational constant 32.2 ft/meo 0.51 m/s460

Yo Specified separation distance N/A N/A

Mm or m Small mama (-Wo/Ay) 1. 933 slugs 298.21 kg

X Stretch distance (. 0 1to k + 4. 9012) 5. 217 ft 2.50

k Spring constant Ftk/x 34, 197 lb/ft 449 N/m

t Time to no-tension point (nt. ) . 3799 se .3799 smc

VA Initial separation velocity, at time t N/A N/A

v Velocity of small mams, at time t 29. 36 f/soc a. 95 m//ec

vy(L) Velocity of large mass, at time t N/A N/A

"YL Free fall distance, at time t N/A N/A

""oo Initial separation distance (-yL-x)i N/A N/A
at time t

aI Theoretical max, distance above n. t, 13. S8 ft 4. 08 m
V Time to at (theoretical) .9117 sem ,9117 see

t + ti Time from release to a' (theoretical) 1. 102 sem 1. 192 moc

y Max, actual distance above n. t, N/A N/A

V Velocity of small mass at y N/A N/A

-Va Final sep, velocity, at y (No) N/A N/A

rTime from no relasen to y N/A N/A

t + i" Time from release to y N/A N/A
vF Velocity of combined mass at t + t" N/A N/A

til Time to eliminate line slack .9117 seo . A117 eoc

vT Terminal velocity of combined mass N/A N/A

t" + til' Total no tension time 1.,33 sec 1h283 Seo

t + t' + till Time to reapply full load 2. 103 sac 2,103 weo
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ALAS BALLOON iL A6.JAU
Program rI'A ILTRAT.O COMPUTATION (fr"m P-201 '

(It") l f 5 f1ps lb It / /lb f.ps
t (ofa 9A~j~V v 1 1 0 F AN

.. O.UL CHuTI TRA.C

0 0 -63.72 - 13600 122 0 (Not %o.ad)

.02 .1| 02, flu -. 7.72 271.7A "'593.1 12.6 2 25,31 6.51

04 ,31 .6613 3.36 -34.18 R1OM3 "5167.7 1292 " .27 -12.27

,06 .48 .S99M 2.20 -31.99 189,11 "S92. 132,6 21,000 17.90 |Ibt Irent 4b

.0O .64 .11l 1,399 .30,19 173.33 "177,4 196.6 " .469 225",7

.10 .l0 .1610 ,79 2 -219,71 163.91 5972,61 1400 " '109 0 $ 27.3 It' DORu, chute 0-. 6100

S.12 .69 .46'.•: 631 -29,•7•1 19.2 1 6.9 16.6 27.1. - 32. 6 11' 141to Ohtl (t. eall)

.146 1.11 ,1I1; 3005 -26.17 199,71 "961.49 167, " .069 - 36.47

S.16 Ill 4,2 M.7 .330 -2,76 196.7 6 0 996,6 1504 .637 , ' -41%35 DIAN force
:16 2,44 ,4361 .016 -24,72 196.99 "194.01 193,4 M6.173 45.05 W- system vlift 69.e 99

.20 1.60 .6607 -.069 -28.78 196.00 "369,6M 13,0 2I,009 is 009 6cm dia, 19 0 I0,

.30 2,60 .6956 -.2411 -29.73 167.76 19516,1 76iO 30,101 739,92 "nn Ch l° oLo l oc, t
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Appendix D

Summay Fleprt, AirbaMOfWtY"OnG flCOSN10ntf Charm. F. Vndt,
Cryogenics Dlilsion, Neotis umu of ftsaGNdS

1. INTRODUCTION AND BACKGROUND

The purpose of the air launch balloon system (ALES) is to fill a balloon with

helium gas while the system to descending on a parachute at some altitude, The
helium is stored in the liquid state in a cryogenic unit. The principle of opera-
tion of this unit was to convert part of the liquid helium flowing from the attached
liquid helium dewar to htigh temperature gas, then to mix this high temperature
gas with very cold gas in the correct proportion to get the desired final gas tem-
perature for inflating the balloon. The hot gas was heated In a hot bed ex-
changer; the cold gas was converted from liquid by beat exchanging with ambient
air. The final configuration of the system is to be extracted from a flying air-

craft. A small parachute extracts the system from the aircraft; the system is
then allowed to free fall about 00 m before a larger parachute is deployed. The
small parachute then extracts the balloon from a bag secured to the canopy of the
large parachute. Next, the ALBD cryogenic unit provides the helium gas to fill
the balloon. After filling the balloon, the cryogenic unit separates from the rest
of the system and descends to the ground on a three-parachute cluster. The filled

balloon ascends to the desired altitude carrying the large parachute and a payload.
The large parachute is later used to recover the payload.

The prototype ALBS wae to be carried to the Launch altitude of 7600 m by a
large ground launched balloon. This method of air launching the system does not
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impose high loads at the launch, therefore, the system was designed to accomo-
date only those peak loads that occur when the large parachute opens after the
system is released from the carrier balloon._Al ,._the.stem._dioot-mnaed-to-be.
aerodynamically clean nor compact as would be desired for a unit that was to be
launched from a flying aircraft. Since compactness was not required, two exist-
ing dewars were used as the liquid helium containers instead of purchasing one new
vessel. Using the two dewars instead of one, complicated the system plumbing
but was less expensive and time consuming than purchasing one new, especially
constructed dewar. The two existing deware weighed less than any one available
dewar of the correct slie. The dewars each held 24, 5 kg of liquid helium; with
five percent ullage, the dewars held a total of 46. 6 kg of liquid helium, the mass

of gas desired for filling the balloon at the altitude.
The two deware were mounted one on each side of a hot bed heat exchanger.

This arrangement results in a balanced system weight about the heat exchanger.
The dewars were connected in series by a vacuum insulated line, so they emptied

consecutively. No additional valves or controls were needed between the dowars.
Each dewar required modification since they were designed to provide superoritical
hydrogen at the discharge. The modification included the removal of all of the in-
ternal hardware and installation of a new vacuum insulated, liquid withdrawal tube
as well as two liquid level sensors. Installation of the new internal assembly ne-
cessitated a new seal in the double-walled titanium dewar. Because the equipment
for welding the titanium vessel was not available, a filled epoxy was used in a
threaded joint to make the low temperature, vacuum tight seal. This joint was

successful as both dewars retained insulating vacuum through a number of thermal
cycles from ambient to liquid helium temperature. Figure DI in a schematic dia-
gram of the flow system, except it shows one single dewar system,

The hot bed heat exchanger contained 73. 4 kg of 3/8 in. diameter aluminum
oxide balls, This bed was designed to store the heat required to convert 46. 3 kg
of liquid helium to gas at 280 K. The design bed temperature was 1005 K with a
maximum operating limit of 1060 K, A 2000 W electrical heater heated the bed.
and temperature was maintained with a thermostat control. The heat exchanger
was insulated with a 6. 4 mm thick blanket and a 57 mm annulus of evacuated powder.
The estimated heat loss of the heat exchanger at 1005 K was 400 W.

The ALBS used gas pressure to force the liquid helium from the dewars through
the system at a mass flow rate of 0, 10 kg/sec. The helium gas used for pressur-
isation was stored in a 0. 011 m 3 aluminum cylinder at 32.4 MPa pressure. The
aluminum cylinder was reinforced with a glass fiber, epoxy wrap.

Valves used i, the system for controlling the liquid and gas flow were indus-

trial weight, solenoid valves designed for cryogenic service. The valve used in
the helium gas pressuritation ithe was a "flight weight" solenoid valve.
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Figure Dl. Schematic Diagram of Proposed Single-Dewar System

An electrLe timer with switches controlled the valve opening sequence. The
timer and the valves were powered by a 24 volt battery.

The system components were mounted on an aluminum frame shown in Fig-
urea D2 and D3. This frame was designed to support the components under a
seven g load. To assure that the frame was strong enough to withstand the forces
at seven gis, the mounting pads for the dewaro and the hot bed were loaded with
lead weights equivalent to the loads expected at seven g's. A small additional
dynamic load was then applied to each pad. A four foot by eight foot by one-half
in. thick piece of plywood was attached to the base of the frame to provide a our-
face for installing several layers of crushable pad. The crushable pad was to
cushion the landing of the cryogenic unit as it descended on the recovery para-
chutes. A small aluminum rail extended around each dewar to protect them during
the ground launch. The cryogenic system weighted 314 kg without liquid helium.

The ALBS was designed to operate independent of controlu other than a 10 see
switch closure which initiated the clock timer. The final sequence of system
events were established as follows. The system started functioning 10 sec after
the timer switch closure when the dewar pressuriaation valve opened and the
dewars were pressurized to 338 kPa, Twelve sec later the liquid valve at the
dewar exit opened and helium started flowing into the mixing area at the base of
tih heat exchanger. The secondary bypass valve opened 2 sec later to increase
the cold gas flow. At 9 sac after the liquid flow started, the valve to the heat
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exchanger opened. Full flow was established 20 sec after the start of liquid flow;

170 sec after the start of liquid flow, the first dewar emptied. This resulted In

less flow resistance in the liquid system and a higher liquid flow rate. To help

* compensate for an unbalance in the flow split between the heat exchanger and the

cold bypass that occurred with higher flow rates, the secondary bypass flow was
terminated. Even with the closing of the secondary bypass, the flow rate increased
15 to 20 percent and this increased flow rate continued until the second dewar

emptied at about 300 sec.

From the mixing chamber at the base of the hot bed heat exchanger, the gas

flowed through a 10-cm diameter tube into a 2.4 kg bed of 3/8 inch diameter balls

j, of aluminum oxide. This second bed was not heated but served to increase the

"mixing of the hot and cold gas streams and to reduce the maximum temperature
spike which occurred at the opening of the valve to the heat exchanger. From this

mixing bed, the gas flowed into a 16. 5-cm diameter tube. This tube which termi-
nated at the top of the frame was the gas supply tube for the balloon.

All of the flow paths from the liquid helium dewar contained replaceable ori-

fices which were used to adjust the flow rates. Openings in these orifice plates
were sized during a test program in which a number of tests were conducted to

establish the currect dewar pressure and flow rates to get an average mass flow

"rate of 0. 16 kg/sec at an average gas temperature of 200 K.
For the final test both dewars were cooled for 24 hr, then the dewars were

filled with liquid helium I h prior to the run of the system. One half-hour before

the rurn. the dewar vents were closed. The dewar pressure rose to 75 kPa before
the run started. When the vents were closed, the dewars contained 48. 5 kg of
liquid helium which was about 5 percent over the required mass. The run lasted
295 sec. The peak gas temperature was 355 K with the temperature remaining
above 320 K for less than 15 sec. The minimum gas temperature was 176 K with

the temperature remaining below 220 K for less than 20 sec. The maximum flow

rate was about 0.2 kg/sec. The average flow rate was 0. 165 kg/sec and the aver-

age discharge gas temperature was 249 K. The system delivered 5 percent more

mass than required, but the average gas temperature was 5 percent low. Since
the larger than design mass would nearly offset the lose of lift in the balloon due

to the low gas temperature, the system was accepted as ready for the flight test
in this configuration.

In addition to building the ALBS we built an enclosed superstructure to hold

the main parachute, the air launched balloon, the balloon's payload, and the para-

chutes for recovery of the cryogenic unit. The enclosure of the superstructure was

96 cm by 137 cm by 198 cm high. The frame of the superstructure had four lugs

at the base for attaching it to the cryogenic unit with four 1/2 in. bolts. The super-

structure frame carried clevis mounts for attaching all of the parachutes, therefore,
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it was designed to carry the loads that were generated when the main parachute
opened. At the time the main parachute opened, the maximum expected load was
4920 kg. Since the possibility existed that this load could be applied to just two of
the four clevis mounts attached to the parachute, the frame was designed to sup-
port 4920 kg on two of the four parachute strap mounts.

Availability of aluminum tubes and an aluminum welding capability influenced
our decision to use aluminum tube construction with welded joints for the super-
structure frame. Figures D4 and D5 show the aluininum frame. The frame was
enclosed at the sides with 1/4 in. thick plywood and a 1/2 in. thick plywood floor
was installed. The clevis mounts for the parachute straps were cut from alumi-
num and were designed with an incorporated clamp for clamping the mount to the
aluminum tube frame. This unit weighed 93 kg.

Clovis Mounts Clovis Mounts

1.5x0.25 Tube 1.54,25 Tube

!6)
;.K

Cryo-Unit Mounts

Clevis Mounts
3OO25Tb 2.5x0.25 Tube

7--.559 ---

137-- 96go
Note: Tube sizes In inches, Dimensions In cm

Note! Tube sizes in inches
Dimensions in cm

Figure D4. Cryogenic Unit Superstructure Figure D5. Cryogenic Unit Super-
Frame Work (Side View) structure Frame Work (Rear View)
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Because the stresses in some of the aluminum tubes were high, stresses were

calculated using a simplified model. This analysts is presented in Section 1. 1.
The ALBS was taken to Truth or Consequences, New Mexico for the demon-

stration flight test. About 18 hr prior to the flight time, the dewars were cooled

to liquid helium temperature. One dewar was filled to 100 percent full. The

second dower was filled to about 25 percent full. Some difficulty was encountered

during the filling because of thermally induced pressure oscillations which devel-
oped in the vent system. Adjustments in the vent rates reduced the oscillation to

an acceptable level. The dewars were completely filled with liquid helium about
2-1/2 hr prior to the ground launch. The vents were closed at about 75 min before

the launch. The dewar pressures rose to about 120 kPa gauge by launch time.
This pressure rise rate was auceptable if the system was to function within 70 min

from the ground launch. The system was lost during the launching of the carrier

balloon as this balloon failed to ascend to altitude.

1.1 Formula for Strwe. and Stridn (Roarkl)

The maximum stress in the superstructure frame occurs when the large para-

chute deploys. The total force was estimated to be 4920 kg based upon force

measured in an actual parachute test program. Assuming that this total load may

be applied to two of the four support straps connecting the parachute to the super-

structure, any two of the adjacent clevis mounts and the tube between them must

be designed to momentarily support this load. For the stress analysis, the straps

were assumed to be 175 cm long. Since the maximum stress will develop in the

longest member, the stress in the 142 cm long tube at the top of the superstructure

was the only stress calculated.

It the clevisses on the 142 cm long tube are used for attaching the large para-

chute the following force diagram applied.

1. Roark, R.J. (1985) Formulas for Stress and Strain, McGraw-Hill Book Co.,

New York.
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4,920 kg

1320M

, 142am

Assuming that the 142 cm long tube is a free-ended column, which it really is not,
the maximum stress is given by Roarki as

se 2' 112

r e2 LEA \rIJ

fur an eccentrically Inaded column.
* In this equation P is the load, A is the cross section area, e is the eccentricity

of the load, c is the radial distance to the extreme fiber, r is the radius of gyration
with respect to the axis of the tube, E it the modulus of elasticity, and L is the

length between loaded ends,
The maximum stress using the aforementioned assumptions is 149 MPa. If

the clevis mounts on the 90 cm long member are used instead and the mounts are
as close to the corners as possible, the maximum stress in the 142 cm long mem-
ber can be reduced to about 100 MWe. The reduced stress results from a slight
reduction in the eccentricity of the load. (149 Megapascals ,, 21, 610 psi.)

The other members of the frame that are exposed to high stress are the two
3-in. diameter tubes that carry the cryogenic unit. Again we assume that one tube
must support the enthie load and that the tubes are eree-ended beams. This be-
comeo a simple beam problem where the maximum stress is as follows:

126
I

.... ,. .. ... . . . . . . . . . . . . . . . . . .



ni

S-

where S Is the stress, m is the maximum moment, c is the radial distance to the
extreme fiber, and I is the moment of inertia with respect to the neutral axis or,
In this case, the centerline of the tube. For the tubes used in the frame, the max-
imurn stress is 152 MPa. All of the stresses calculated are less than the recom-
mended maximum stress using a 1. 5 safety factor. The 1. 5 safety factor is based

on the yield stress of the material and since all of the frame material it 8081-T6
aluminum, the yield stress it 241 MPa,

Several other factors add to the actual safety factor. These arei (1) the ends

of both beams considered are actually welded to other members, so some of the
load It transmitted to other members and (2) in thu application, the maximum

assumed load it only momentary and, therefore, of much short duration that yielding
of the beam might not occur even if the yield stress is slightly exceeded.

.I

I
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* Appendix E

ALBS biloon MId*Alr Inflation Comnputations

1. INTRODUCTION

Notai Thin appendix has been extracted (in condensed form) from parR 4. 4. 8,
main report, of a previous report AP'OL-TR-0196. 1 The numerical values used
here are bansed on the values of Table 5 in this report,

At the end of event 4c on Table 5, the baLL')on has been fully extended and in
taut (see P'igure 31 in the main report). 1f we Assume that the uninflated balloon
contributen no effective drag, the total systein. drag area in the name as It was

before the extraction, 1419. 31 ft2 (131. 85 An2 , which is the nuni of the effective
drag areas of the drogue and the main chute. (The balloon fis treated here an just
an added line between the two ohutes. ) The drag force on the drogue Ln then 442 lb
(1877N), and that on the main chute to 1347 lb (599 lN) (calculated per the method
of Appendix B).

When the balloon inflation command in given, the liquid helium in the cryogenic
unit below the main canopy in converted to the gameouw state, warmed and trans-
ferred up to the waiting balloon. The gas starts to flow almost instantaneously,
but an entimated 5 min in required for transfer of all the gsa. During thin time the
ALBS array lose* altitude nteadlily, but at a decreasing rate of descent.

Two interesting and interacting physical changes occur simultaneously during
the inflation process. both of which have a pronounced effect on the dynamics of the

* event:

1. Carton, A. S,, Jr, (1978) The P~light Tent An pacts of the Air-Launched Balloon
System Development PrograM, AFOL-THt- U -01 9U.

1 29



1.1 The Itereu. In Buoyancy

As the helium enters the balloon It adds buoyancy (positive lift), neutralizing
some of the weight previously supported by the parachutes. A steady diminution
of system weight (WS) is apparent on Table El, which war generated by Program
P14B (see paragraph 2) and which lists changes in various system parameters
during the balloon inflation. Because Wi. decreasing, there is an accompanying
decrease in system descent velocity. This can be observed In the column headed
Ve on Table El. (Not all of the deceleration shown in the VS column In the result
of the added buoyancy. Some is due to increased system drag, as explained in the
next paragraph, and to increasing atmospheric density.)

1.2 The Inerease in System Drag

The gas bubble formed at the top of the balloon adds to the total effective drag

area of the system (CDSo)S. It will be seen from Table El that (CtSo)S increases
during inflation until the drogue Is cut away. At that point, there is a step decrease
to show the loss of (CDSo) for the drogue. The reduced (CDSO)S value then becomes

the starting point for a new incrementally-increased system effective drag area,
the augmentation of which persists until the balloon is fully inflated.

The increased system drag area serves to decreas0 system equilibrium des-
cent velocity, Vs. (As noted above, additional deceleration is being caused simul-
taneously by the buoyancy and atmospheric density eftects. Thus, the values of
column Ve reflect the combined reductions in system descent velocity.) Dynamic
pressure, q, also decreases, as does the total system drag, De. ('There is a step
increase in q, when the drogue is cut away, but the decrease toon continues.)

2. PROGRAM P.14D

Table El shows changes in many system parameters over fixed intervals of
height (200 ft). The starting altitude is 23, 200 ft. The starting equilibrium veloc-
ity it the system Ve at the end of event 4c.

Program P-14B was developed primarily to determine the time required for
the system to fall through each 200-ft interval of height, taking into effect the

*Program P-14B was originally developed by the author for use on a programmable
desk calculator. That method proved to be too time-consuming, however, and the
pro rarn was translated into FORTRAN by Mr. Robert Vesprini of Emmanual
Cof ega.2 At the same time certain refinements were Introduced which are incor-
porated in this appendix,

2, Vesprini, R. L. and Hagan, M. P. (1977) Report on Atmospheric Environment
Interactions With Free and Tethered Palloon1, AF0L=TW'7-t'-IOU, Final
Report on contract Fl1VUV-T4-C-0O3. "
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decreasing velocity discussed above. Incremental and cumulative time values so

determined are shown under columns at and E At respectively. The balloon infla-
tion is assumed to be complete when the cumulative time value is 300 sec and the

designated amount of helium (see next paragraph) has been transferred. The

altitude associated with this time is the event completion altitude.

LI Oaoymmy Compubtatle

It in assumed that the total required quantity (see paragraph 3) of helium,
102.44 lb (455. 7N) is transferred linearly with time over 300 see (5 nin), On that

basis, the amount transferred (AMHe) during any 200-ft interval would be s func-

tion ol the time (At) required to descend that distance. Whence,
AMHe a At . 300- k. For example, during the first 200-ft interval (23, 200 ft -

23, 000 ft) the amount of helium transferred is 1. 48 lb (G. 58N), which is the result

of the calculation 4. 295 see X X 1. 0077, or 4,295 sea X 0,3441, where

0. 3441 Is a constant transfer rate in lb/sec and 1. 0077 (k) is an empirical correc-

tion factor to account for the fact that the system's descent rate is slowing down.

The quantity 1. 48 lb appears as the initial value in the EAMNe column, which is a
cumulative record of the amount of helium transferred as the event proceeds,

When the incremental quantity of helium (lb) is multiplied by the lift to mass (L/M
ratio (lb lift per lb of mass) for helium at the preusures and temperatures involved,

the amount of buoyancy gained per time increment is obtained (see note 0). Cum-

ulative value-s of buoyancy appear in the CAL column.

*The lift to mass (L/M) ratio plays a key role in determining the amount of buoy-

ancy being added to the balloon as helium is transferred upward from the cryo-
genic unit. ("Mama" here is used to denote quantity in lb. It is not used in the
usual sense that mass equals weight/gravitational constant. ) We obtain the L/M
ratio by dividing the specific lift of the incoming gaseous helium by the density of
that helium. Specific lift in turn, is obtained by subtracting the density of the
and helium densities for each 200-ft interval of height, in order to obtain a con-

tinuously upgraded L/M ratio, as followsi
(a) Density Is a function of gas temperature and pressure. The pressure is as-
suned to be that of the standard atmosphere and is generated from stored data,
The temperatures of the air and helium are different from standard atmosphere
values, however, The air temperatures chosen are those of the WSMR in January.
The helium temperature is fixed at 2000K, which is typical of the cryogenic unit
output.

(b) If we let the density, p , of Helium at a particular height be equal to that at
another height, p 1, times he temperature and pressure ratios showni

A2 ' P I I and if we let be sea level dens ity for gaseous helium

(0. 01056 lb/ft 3 ) at standard temperature (288 0 K) and pressure (1 Atmosphere),
we get the relationshipi Eq. (El),
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2.2 Go Volume Computatiom

The denlity of all of the helium in the balloon (as opposed to that or just the In-
coming gas) is now divided into the CAM~le value for each 200-ft altitude increment

to obtain the volume occupied by the gas, Vb, (See note t.) The gas volume Is
assumed to be that of a sphere, whence the diameter, dbg to obtained by the rela-1 /3
tionship diphere (V 6/ )1 . Knowing the diameter, we can obtain the cross-

sectional area (id2 /4) or So. This is then multiplied by a value of 0, 5 (CD for the

bubble) to give us (CDSo),'or the effective drag area of the balloont (CDSo)B in turn

augnents the value of (CDSO)S).

P2 HO 3.0413 T
He 32

We then solve for the density of the incoming helium at a given height interval by
use of Eq. (El), lettint T2 n 250 0K, and P2 the stored standard atmosphere value
of pressure for that hetigh, as listed on TaWie El,

(c) We can establish a relationship for sir density similar to Eq, (El)t
SP

p2 M 0, 07851 X 2 -.r where 0. 07651 lb/ft3 is the sea level density of air or
P

Eq. (M2), •2, 3203 -

We then solve for air density at a pxtiluular height interval by use of Eq. (M3)
letting T, and P2 be the stored values for that height, as shown on Table El,

T' as i assumed to enter the balloon at a constant temperature (in this case
But, as the system deaondo, adiabatic heating of th already in the

balloon occurs, at the rate of 4"K per 1000 ft of descent (0. 0 K/00 ft), (Other
heat sources such as radiation and conduction through the balloon film are not
considered. ) Thus, the temperature used here to determine gas density at a par-
ticular height must be based on both the temperature of the incoming gas and that
of the on-board adiabatically warmed gas.
We can solve for He density by means of Eq. (El) above, using a stored value

of P2 and determining the value of T2 by an appropriate means.

E AMHe(To + 0.8) + AMHe - T
Let T.2  Q MHe + MHe Eq. (E3)

where LMI-To Mass ut helium already In balloon at start of this increment

,MHe s Helium added during this increment

To Temperature of gas already in balloon
THe Temperature of incoming gas (assumed to be 2500 K here)

Then, solving for T 2 , and knowing that volume mass/density, we determine the
volume of the gas from the relationship

Eq. (E4) V , MH+ e . T2
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As inflation proceeds, the expanding bubble causes the balloon reefing sleeve
to open up gradually so that slack material Is protected. Beeanse of the relatively

low altitude, the bubble diameter (dW) remains small, reaching a maximum diameter

of only 30 ft (9. 14 m) at full inflation, The volume of gas in this bubble, approxi-

niately 14, 300 ft3 (405 mi3 ) is less than 10 percent of the fully-expanded volume at

float altitude. Moreover, although the volume is increasing by virtue of added gas,
the rate of increase is slowed by the effect of increased atmospheric density as the

system descends.

3. CUTTING AWAY THE DROGUEI END OF INFLATION

At some point the drogue must be cut away, both to eliminate unnecessary

weight from the system - which will rise to float altitude - and to avoid pomsible

entanglement when the drogue becomes very lightly loaded and subject to collapse.

Table El indicates that the drogue is cut away when the buoyant lift in the balloon

exceeds 275 lb (1223N), which in more than enough to keep the balloon upright after
the support furnished heretofore by the drogue is removed.

The inflation is shown to be complete when the system has descended to

12026 ft (3686 m).
The balloon is now ready to be cut away from the cryogenic unit and frame and

to ascend to float altitude with its payload, Note that the 102. 44 lb (455, 6N) of

helium provides 612, 28 lb (2723. 3N) of lift, This Is equal to a free lift of 6, 5 per-

cent, less than the desired 10 percent. It the temperature of the incoming helium

is ralsed to 285 0 K, the free lift becomes 8. 8 percent and the completion altitude is
12, 048 ft. (From a separate run of Program P-143, not included in this report.)

Variations in air temperatures are also capable of changing the free lift. Thus,

Table IC must be considered simply as representative run, subject to some varia-
tion. (As it turned out, the cryogenic unit prepared for the January 1078 test had

somewhat more than 102. 44 lb of LHe aboard, while the payload to be taken to

altitude was 565 lb, rather than 575. Free lift probably would have been ample if

the flight had taken place as planned.)
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H P Air L/M At tht V. 624 eALV0t (A Wý Iw. ox0  Ratio (sac) (sac) (fps) (pot ) Oibi Toav.kl (IM)

IWO7. .47779 .4017 -47.00
23000. .46106 .4051 I1ola 5.993 4.295 4.225 .46.14 1,2176 1.410 150,0 6.67
22800. .48446 .4066 t59.4 1.1194 4.360 8,564 .45.61 1 .I"10 24.917 130.4 17.73
22600. .48764 .4121 219.8 5.994 4,406 13.06! -41.13 1,1116 A.4l 04o 26.71
22400. .49122 .4157 26012 5.994 4.453 1?.8516 -44.68 1.1662 5.974 H51.2 31,81

22200, .49460 .4191 260,6 8,911 4,496 22.013 -44.26 1,11516 It?0 261.l6 45.00
22000. .49798 14217 t61.0 6.991 4.541 26114 1 4 A. :11 16378 64.36
31000. .501451 .4264 161.4 5.996 41684 3113 43 4 3 1 4124 1 1 : 614 3.65
31600. .50492 .4300 I'61.8 8.095 4.626 36,764 -3:03 1:011 7 13194 362. '73.1021400. .10640 .4337 262.2 6.990 4.669 40,433 -412,64 1 ,9 3 11.766 163.1 62.0
21200, .11181 .4373 262.6 6,991 4.,?11 46,144 -42.26 1,0672 11,393 253. 12
21000. .51534 .4410 263.0 1.991 4.7153 49.697 -41.69 1.l0763 17.014 263:19 Jo:1902,20600, .68190 .4446 6, .9 ,9 1,9 4.2 103 16.6409 624.3 111.60
20600, .12247 .4486 263.8 1.991 4.836 89.830 -41.16 1.0514 2099 347 1.0
20400, .52603 .4523 264.2 Lo991 4.880 64.410 -40.60 1,0412 21.041 m1il 13.7
20200. .12910 .4561 644.6 6.901 4.623 51.333 -40.46 1.0302 23.643 31655 141.74
20000. .63316 .4599 266.0 1.998 4.960 74.299 -40.10 1,0194 21.337 3U6. 151.66
M14J. . 64682 .4638 266.4 5.991 6.009 79.308 -39.75 1.0087 27.046 3.2 1.319600. .84047 .4677 266.6 53904 1.053 84.361 -30,41 .96 26770 3111.6 172.46
19400. .14413 .471? 266.2 6,994 5.017 69,456 -39.07 .9677 30.6,06 367.0 162.606

19200. 154718 .4056 266,0 6.994 W.41 94.198 -38.74 .9774 32.26! 217.4 193.36
19000. .656144 .4796 267.0 5.994 5M16 92,763 -36.41 .9671 34.:031 117.7 103.97
1661001 .11519 .4635 267.4 6,993 ,1.30 105.013 -38.09 .0170 31.015 114.1 M1.6
16600. .166 .4676 267.6 5.993 5.275 110,269 -37.76 .9470 37.616 lu.6. 1 125.43
18400. .16270 .4916 266.2 6,993 5.321 115.610 -37,42 .9370 39.430 111.9 2136.30

14200. .16646 .4967 U68.6 1,992 b.367 120.978 -37.10 .927 41.1 Il9l 3I 47.25
160000. .67021 .4997 269.0 5.99* 5.414 126.392 .36.76 .9172 43.106 259. 356.30
17600, .57406 .1039 269,4 6.992 5.461 131.853 -36.46 .9076 4457 260,0 269.44
17600. .67791 .1061 269,8 1.991 1.293 137,146 -39.110 1.0506 46.650 260.3 2110.66
11400. .18176 .15M 2V0.2 11.991 5,136 M42NA8 .31.75 1.0365 48 672 26o.7 391.59

17200. .62161 .0164 270.6 5.991 51166 147.466 -38.40 1.0168 s60.40 21 32317000. .G6946 .5206 211.0 5.991 1.232 112.700 .38.06 1.0151 52.324 261.5 312.69
16800. .59341 .5249 V7114 5.992 5.279 157.979 -37.71 1.0036 64 .014 161.9 313.69
16600. .59736 .1292 271,6 5.992 5.327 163.306 -37.37 l9931 140 211.3 334.57

160. .611 .6336 272.2 51.992 5.376 168.618 -37.03 .9606 IM,3 6. 365
15100. .60526 .5379 272.6 S.991 1.425 174007 -36.70 .9691 59.823 262, 356.63
16000. .60921 .5422 273.0 5.991 5.471 179.682 -36.34 .9577 61.390 263.6 347.s0
11800. .61326 .1417 273.4 8.991 6.526 185.106 -36.03 .9464 63.274 263.2 379.07
11600. .61731 .1112 773.8 5.991 C.M7 190.666 .31.69 .9351 65.17 ft ~l 380.44
16400. .62136 .16 274.2 $.390 5.630 196.315 -36.36 .9236 67,095 t ,6 401.61

11200. .62641 .0001 274.6 8.990 1.683 201.998 -31.03 .9125 60.031 264.9 413.49
15000. .62946 .1646 271.0 5.969 51.736 201.734 .34.70 .9012 70.957 26813 425.16
14600. .63361 .3692 275.4 5.989 6.791 213.525 -34.37 .6900 72.961 126.7 436.95
14600. .63776 .1738 275.0 8.9on 61.847 211.372 -34.04 .6766 74,954 264N 446.63
14400. .6419P. .5764 376.2 5.987 5.903 118.171 -33.72 .6676 76.965 1 69,4 440.63

14200. .64607 .1530 276.6 8.967 5.911 231.236 -33.39 .6564 16.97 266. 472.44
140W0. .69022 .5876 277.0 %.96s 6.019 33I.MS -33.06 .4642 61-014 267, 46.1
132100. .65442 .5924 277.4 5.965 6.079 143.334 .32.74 .6340 63.119t "6711 467.46
13600. .65674 .5972 2177.6 .964 6.140 249.473 -33.41 .622 6Is1 I).9019
13400. .66399 .6019 276.2 5.963 6.401 255.675 -31.00 .6117 67.3213 266. 11I .49'

*13200. 106715 .6067 276.6 5.962 6.264 261.030 -31.76 0066 60,41? a6, 561
13000. .6i11 .6115 379.0 6.9611 6.316 266.261 -31.44 .7193 91:61, 26.6 64.9
12600. .71587 .6164 171,4 6.960 6.394 274.661 -31.11 .7761 93.791 161.1 560.0o
12600. .66024 .6213 279.6 6.979 6.461 1$1.123 -30.7# .7669 9$91 M 21119. 1673.95

I12400. .66460 16263 160.1 5.976 6.529 267.6s3 .30.47 .7567 066.14 269.6 667.13

11100. .61197 .6312 260.6 Mil7 6.6991 204.161 -30.14 .7444 100o.46 7. 60.4
12026. .69277 .6316 960.6 5.977 1.610 300.061 -3$." .7341 102.40 201 622



Table Ell. ALBS Balloon Inflation Caloulations

V8i ~ (CDS0)5  (COS0)5  DW11) ftl (ft) (ft) (It2 ) 1) 0b b
- -- iar - -I - LEOEN;'•, 77 0,0 1416, |1

1761.13 3003142 8.31 1446.41 27.10 33.00 41,. 35 1315.76
,73 176,17 5951000 10.44 1461.12 41.81 11.30 405.87 1is.10

10.72 1743.18 81.904 11,94 1475,32 15,01 66.15 400.16 127692
35.61 1734.19 1167.126 13.14 1487.08 67.77 79,04 194,94 1160,21

45.00 176.00 1 ,416 14,14 1467.16 76.5 60,47 390,02 1244,51 H AltMtude
54.,6 1715.7: 1774.713 161.01 1607.92 .10.6 100Sf1 365,33 12l.$7
63.06 1706.35 1016.313 15.60 1517.38 06,07 110.26 360.64 111,113
73.10 1696.10 1356.774 16.61 1536.36 107.05 119,01 376.50 1201.36 atmospherlc density ratio Wo)
62.66 167.36 2645.671 17,16 1634.06 115.64 11712 371.19 1167.64

92.26 1677.72 3934.074 17.76 1543.20 123.69 134.69 366.18 1174.64 P Atmospheric pressure
10,00 0668600 3111.041 16,32 1561.16 131.6 141,76 364.16 1162.04
111.80 1651.20 3606.015 16.65 1656.62 139.51 146.40 360,2 1146.54
121.70 1646.30 6706.702 19.34 1266.16 146.64 154.64 356,41 1137"I 6 '/l Liftimall ratio
131.67 1636.,3 4072.444 16.81 1673.47 154.16 160.61 352.62 116.1I ratio lb. It.tlb. gas

"i 141,74 1126.16 4354.011 10.26 1580.49 161.16 166.05 34130 1113.31
1 i61.69 1616.11 4634.637 ,0.G9 1187,!4 166,03 171.,9 346,23 1101,69 At tite differential

I 162.13 I107,67 4 911.679 21l.o 1694.00 174,69 176,21 341.6M 1090.05S 171.46 1657.64 61619.63 21.46 1600.60 161.20 160.66 336,04 1070.64
16,.66 1567,12 6465,464 11196 1604.67 167s." 165.26 334.60 1067.37 t&t cumulative differential

4 193,36 1576,62 6740,413 it'.l 1613.11 163.60 166,41 331,00 1056.20
203.97 1666.03 6014.431 22.66 1619.13 129,2 193.35 317,64 1045.14 V system equilibrium descent velocity
9 '14.66 1665.34 6EN.004 21.90 162?.20 605,69 167.04 324.11 1034,19
MAI.43 1644.57 656.644 23.22 1631.07 211.76 200.53 320.70 1023.33
t36,30 1633.70 50116 414 13,64 1636,64 217.53 203.63 317.33 1012.56 q dynamic pressure

2 247.26 15,2,71 7096.363 23.84 16429.5 223.21 206.93 313.97 1001.66
6 ,66,30 1611.70 7363.641 24.14 1646.11 226.60 209.66 310,63 551.20 lws eCumulative quantity of Helium transferred
I 26.44 1900.66 7626.675 24.42 1613.67 234.16 212.56 307,33 9680.66

, 1.,6 1367.32 7663,441 24.70 1320.29 239.65 61.61 0.00* 1135.61
,91.61 1376.41 4146.376 24.06 1325.36 144.71 264.14 0,00 1112.,7 :&L Cunulative buoyancy added to system

1 302.20 1366,00 6366.657 15.21 1330.15 246.11 216.20 0.00 1109.61
313.69 131.11 NIS6.616 15.44 1334.69 154.24 268.09 0.00 1097.01 11 overall yst.. 1oed~n6 on piraolaues313.49 1344.31 51111.603 16.0• 133.66, MIS ,1.0 0.00 1064.61

U33457 1333:43 0902.:0 15,.0 1344,11 163,47 161.38 0,00 1072.05
S 341.16 1311.45 0336.114 ,6.1, 1346.66 ,66.01 261.50 000 1019.66 Vs Volume of got bubble

366.63 1311.37 9671,441 26.34 1353.11 272.61 264.09 0.00 1047.16
3T7.60 1300.0 9107.076 36.66 1357.61 176.94 265.25 0.0o 1034.91 d diameter of gas bubble

6 379.07 1196.93 10039,633 26.77 1361.97 261.32 266.24 0.00 1022.6 1
390.44 1277,.6 10171.711 26.97 136.,t6 261,64 267.09 0,00 1010,47;I 401.91 1,66,09 10603.669 17.17 1,!70.57 119.23 ,67.82 9100 g1g. 6 (CDol)$ total effective drag 4rea

, 413.49 1164,51 10735.461 27.37 1374.61 294.16 266.43 D.00 046.06
426.16 1242.64 10917,124 27167 1379,04 R94.39 266.92 0.00 973..1 DO E d are
436,.9 1231.06 11196,.356 7,76 1363.16 302.4 269.26 0.00 961.79e

0 446.63 1216.17 114,1.616 17.64 1367.34 306.16 1 26.49 0.00 9046,66
4 440.63 1307.17 11664.640 26.13 1391:.3 310.14 269160 0.00 037.67 Db Drag of balloon

474.04 11i.06 11663.841 26.31 1394.44 M14.60 165. 0.00 962.47
MA 4 l6.16 111,.6 12113.111 5.416 1301.46 316.63 206.41 0.00 913.37 Do Drag of Drogue

4 497.46 I110.62 12338.770 36.67 1403.43 322.76 269.,t 0.00 901.30
S 60.63 1101.07 1,664.1111 1.64 1407.36 316.11 268.66 0.00 g 9.23

' 1 52.49 1141.61 1,790.1 9.02 1411,26 330.61 161.3. 0.00 '7116 0M4 Drag of Psi" Chute

W36.11 113.M 3 13016.717 26.19 1415.14 334.0 I767.77 0.00 8 06$4.97 !I 03.O 3 MU4 m ,1.3 1419.01 3 ,,7.o0 7 00:0, 6.6
w 1101110 13 10,000 11.11 1411.,1 oe17 Its.O, .o 0  Wg at Equilibriu Velocity0:00 60.704 Note !. Ds - Do H D Ia qttru

MA 1094.06 1369.14 39.6 1426.60 34,9 10:3 0.0 626.7
967.13 1000.67 13916.76 I.04 1430.37 3469.73 0 .00 616.00

1,43 1067.67 14140,703 30.00 1434.13 313.40 263.14 0.D 604.43
11-1,,E 1066.74 14330.811 30.14 1437.44 314.00 HI.06 0.00 793.6 *Preor" Cut-anay Point
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